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PERTRAN - A TRANS PORT-PERTURBATION PROGRAM 
by J o h n  L. Anderson 
Lewis Research Center 
SUMMARY 
PERTRAN is written to be used primarily with the two-dimensional transport pro- 
gram TDSN. The principal steps in the derivation of the equations of first-order trans- 
port perturbation theory from the Boltzmann transport equation a re  given. These equa- 
tions a r e  cast into three discrete forms consistent with the P-l, transport-corrected 
P-0, and diffusion approximations to transport theory. The equations have been incor- 
porated into a FORTRAN IV program which will  calculate the neutron lifetime, the effec- 
tive delayed neutron fraction, and the reactivity contributions of various reactions for 
the three approximations. 
One advantage of having three approximations is that by comparing the various 
approximations and their dependence on parameters such as mesh spacing one may 
choose an approximation for which the associated transport calculations require the 
least computer storage and computational time. Sample problems compare the three 
perturbation approximations with two-dimensional transport spatial calculations. 
input and output features of the program a r e  described, and listings of the program and 
a sample problem a r e  provided. 
The 
1 NTR OD U CT 1 ON 
The design of a nuclear reactor requires many computer calculations to  determine 
the nuclear characteristics. These calculations a r e  usually made by one of the several  
multidimensional, multigroup transport and diffusion theory programs that a r e  available. 
However, these programs often require large amounts of computational time. Further- 
more, the number of calculations needed is large because many design alternatives must 
be compared. Also, the effect of manufacturing tolerances and experimental uncertainty 
in the input cross sections must be determined. 
time through perturbation theory. Somewhat fewer transport calculations, each of which 
However, these design problems can be solved with greatly reduced computational 
is an iterative time-consuming process, are needed when the perturbation method is 
used. In using the method one first chooses a certain assembly as an unperturbed base. 
Then by using the transport theory solutions for this single unperturbed assembly one 
can determine the reactivity effect of small  perturbations in the assembly. Perturba- 
tion theory for fast-neutron critical systems is described in reference 1. 
This report describes the computer program PERTRAN, which uses first-order 
transport perturbation theory to compute reactivity, neutron life-time, and effective 
delayed neutron fractions. PERTRAN is written to  be used primarily with the TDSN 
transport program (ref. 3) .  Many perturbation programs have been written for both 
diffusion and transport theory (e. g., re f .  2). PERTRAN differs from other transport 
perturbation programs in that it provides three approximations to the perturbation cal- 
culations. The best approximation uses P- l cross  sections and unperturbed rea l  and 
adjoint fluxes and currents from the transport theory spatial calculation. The next best 
approximation is provided by transport-corrected P-0 cross sections and fluxes and 
currents. The diffusion approximation, which is least accurate, uses the transport- 
corrected cross sections and the fluxes from a transport calculation. 
to be commensurate with the importance of the perturbation. 












unit vectors in the x-, y-, and z-directions for rectangular coordinates (fig. 1) 
neutron current (directional) at  position with energy E 
neutron multiplication factor; l/k is the eigenvalue of Boltzmann equation 
neutron lifetime 
atomic density, atoms/(b)(cm) 
number of discrete energy groups 
number of discrete volume elements (V) 
Le gendr e polynomial 
P F  ( p )  associated Legendre polynomial 
P- 0 zero-order (I = 0) cross sections 
2 
transport-corrected P-0 cross sections 
first-order (1 = 1) cross sections 
incremental change in quantity Q 
position variable representing three-dimensional coordinates of neutron 
volume element, cm 
fission spectrum; probability that neutron released through fission wi l l  have 
delayed neutron fraction of jth delayed group 
extrapolation distance constant (0.71045608) 
macroscopic cross section, cm-l 
angle between 
cosine of 8 
angle between fi and 6' 
average number of neutrons with energy E released per fission 
directional neutron flux; number of neutrons of energy E at position r' 
flowing through a unit solid angle and unit area in direction fi 
3 
a particular energy E: f x(E)dE = 1 
and 6 (fig. 1) 
scalar (nondirectional) neutron flux of energy E at position 
angle between 2 and projection of 6 in the plane perpendicular to 
direction of neutron flow at position r (fig. 1) 
0. 
Subscripts: 
g index of energy groups 
i index of spatial position 




t adjoint quantity 
perturbed quantity, @ = Q + AQ 
order of Legendre polynomial for cross-section expansion 
3 
Cross-section definitions : 
(Macroscopic definitions are presented in discrete form for energy group g; the 









diffusion coefficient, ; used in 3 = -D Fq (Fick's law) g g g  
absorption (includes capture and fission), Ca(E) 
fission 
n - 2n scattering from group g to group g' 
P-0 scattering from group g to group g' (includes elastic, inelastic, and 
twice the n - 2n scattering) 
P-1 scattering from group g to group g' 
within group scattering (used to provide neutron balance), 
J 
transverse leakage (buckling- loss) cross section 
removal or  outscatter, Cr 
R' 
0 1 total scattering, 2, = cg-g' + Zg-g' 
g-g' 
transport, Ctr = Ct 
g g Jg 
TRANS PORT PERTURBATION EQUATIONS 
The time independent Boltzmann transport equation may be written 
4 
+ ff dE' dh'  @c, E,h')Zs@, E' - E , h '  - h) 
The continuous variables .', E, and 6 represent the dependence on position, energy, 
and direction; e, E, h) is the real flux. 
perturbation equations. 
Two other equations, nearly identical to equation (l), are needed to develop the 
One equation provides the adjoint flux GT @, E, h): 
+ // dE' dfi' Gf c, E', f i ' )Zsc7 E - E', 6 - fi ') 
where kT = k. The other equation provides the perturbed flux G p c ,  E, 6): 
[vG, E')ZfF7 E')Ip x(E) + /[ dE' dh '  Gp@, E',h')Z:F, E' - E,;' - 52)  (3 ) 
where each perturbed quantity @ is equal to the unperturbed quantity Q plus its per- 
turbation increment A Q  (not necessarily small). 
Derivation 
The following derivation of the transport perturbation equations is taken from refer- 
ence 2. Some intermediate steps omitted in this report may be found in that reference. 
The transport perturbation equations may be obtained by multiplying equation (2) by 
@(?, E, f2) and equation (3) by GT (?, E,h ) ,  integrating the two equations over all space, 
energy, and direction, and then subtracting the resulting equations. The exact equation 
for  an eigenvalue increment resulting from a perturbation is then 
5 




F = -2 //J &dE dE' A[uF,E')Cf@,E')] X(E)@~(; ; ,E)@~@,E' )  
4rrk 
Equation (4) determines the eigenvalue change resulting from a perturbation. The 
reactivity, however it is defined, can be subsequently obtained from the eigenvalue 
change. 
turbed flux (Pp by the unperturbed flux @. This now restr ic ts  the perturbation to one 
which causes only a negligible change in the unperturbed flux. 
before performing the solid angle integrations in equations (5) and (7): 
A first-order approximation to perturbation theory is obtained by replacing the per- 
The unperturbed angular flux is then expanded in terms of spherical harmonics 
m = l  
where 
6 = P sin e cos + + 3 sin e sin + + i; cos e 
and 
1-1 = COS e 
(see fig. 1). If terms a re  retained only through the P-1 approximation, 
6 




Figure 1. - Coordinate systems. 
where q$, E) is the neutron scalar flux and 5'6, E) is the neutron current. A similar 
expansion for the adjoint yields 
Furthermore, the scattering is assumed to be dependent only on the angle between direc- 
tions fi and h', and the incremental scattering cross section is expanded in terms of 
Legendre polynomials. The expansion is truncated after the P-1 term to yield 
Substituting equations (10) and (11) in equation (5) and equations (10) to (12) in equa- 
tion (7) yields after integrating over the solid angle 
and 




The components of equation (4), which a r e  equations (6), (8), (13), and (14), may be 
written in discrete form by replacing the continuous variables and E by the discrete 
indices i and g. Hence, the equations may now be written as summations over volume 
increments and energy groups: 
i=l g = l  
This last equation is the product of the perturbed real power and the equivalent quantity 
from the adjoint calculation (an adjoint power). 
Approximation s 
Equations (15) to (18) constitute the P-1 approximation to first-order transport per- 
turbation theory. Further approximations to equations (15) and (17) can provide a 
transport-corrected P-0 and a diffusion approximation. But before proceeding to these 
approximations, it is useful to isolate the reactivity contributions due to various reac- 
tions and regroup the P-1 equations (eqs. (15) to (17)) as reactivity sources or losses. 
8 
. . . . ., I I  . I 
Transport - P-1 
The incremental total cross  section may be written 
The reactivity contributions a r e  as follows: 
Source : 
NIJ NG NG 
(Fission) = - c c 
A[(VZf)d xg[vg?qdi vi 
i i=l g=1 g t = l  
Loss: 
By collecting the current weighted terms in equations (20) to (23) we can estimate the 
contribution of the nontransverse leakage out of the system: 
Note that the AXt term includes the within group scattering; it does not cancel when 
current weighted as it does when flux weighted (eqs. (21) and (23)). 
9 
There is another reactivity loss mechanism which has not been accounted for - the 
transverse leakage or buckling loss. The cross  section for the buckling loss, as used in 
reference 3, is 
Ikg 
c 
The buckling factor B is rr/h for plane boundaries; for cylindrical boundaries, B is 
2 (2.405/&) and the buckling dimension H is the diameter. Within PERTRAN the in- 
crement A 2  may be obtained by changing the transport cross section Ctr or the % R 
buckling dimension H. 
The contribution to the eigenvalue increment is 
which is identical in form to the equation of the total cross  section (eq. (15)). If trans- 
verse leakage does occur, its contribution to the eigenvalue increment must be included 
in equation (4), which becomes 
Transport - T ran  sport-Corrected P-0 (P-0::) 
If equations (15) and (17) a r e  combined, 
10 
47T 
i =1 g= l  
where the incremental transport cross section is defined as 
J 
Note that currents are needed from the spatial calculation in order to weight the trans- 
port contribution to the reactivity. 
angular fluxes and, hence, can provide currents when using only P-0 
The TDSN program calculates currents from the * 
cross  sections. 
11 
I 
Dif fus ion - P - 0  and Fick's Law 
It requires a considerable amount of computer storage to provide both fluxes and 
currents for a spatial calculation. One further approximation is to use the diffusion 
theory definition of current, that is, Fick's law: 
where D is the diffusion coefficient for the group g. With this approach the currents 
can be calculated within the perturbation program from the gradients of the fluxes. 
g 
The transport cross  section term in equation (28) becomes 
If the fluxes cp 
terms of the transport cross section: 
come from a transport calculation, then equation (31) can be written in g 
3AC 5 . 
t rg  g 
Equation (31) can also be written in terms of the diffusion coefficient: 
The current te  m s  in the transverse leakage contribution (eq. (26)) 
using Fick's law. 
r e  also calculated 
The program uses curve fitting techniques to determine the flux shape and subse- 
quently the gradients of the fluxes. The two particular techniques a re  presented in 
appendix A as they apply to fitting the flux profile to a second-degree polynomial. 
Prompt Neutron Lifetime 
The lifetime (L) of prompt neutrons (from ref.  2) is given by 
12 
where 
N =J)dFdE dE' x(E)vF,Er)Cf(;; ,E')qF7E')(pl'@,E) (35) 
- 
and (l/v) is the spectrum averaged inverse of the neutron speed. In discrete form these 
equations become 
Equation (37) for N is just the product of the unperturbed rea l  and adjoint power - 
analogous to equation (18). In fact, in the absence of a perturbation to the fission cross 
section, the equation for the lifetime (eq. (36)) is identical to the equation for the reac- 
tivity contribution of an absorption perturbation (eq. (22) divided by eq. (18)) with AXa 
replaced by (m)g. g 
Hence, the absorption cross  section from a pure l /v  absorber can be treated sim- 
ply as an absorption perturbation. 
whole region that established the flux spectrum A normalization factor such as an atom 
density No can be used so that the cross  sections supplied are No(-) and thus the 
lifetime obtained is No2. 
The perturbation in this case must extend over the 
Effective Delayed Neutron Fraction 
The ratio of the effective delayed neutron fraction Peff to the true delayed neutron 
fraction /3 for a delayed neutron group j is given (ref. 4) by 
'j /// dFdE dE' vCf(if,E)q(;;,E)x(E')qt(;;,E') 
13 
where P.(E) is the delayed neutron spectrum for delayed group j (normalized to p.) and 
the denominator is simply the N of equation (35). 
J J 





where gh and gL a r e  the inclusive high- and low-energy groups that bound the partic- 
ular delayed spectrum p . 
jg, 
DISCUSSION OF SAMPLE PROBLEMS 
In order to determine the accuracy of the various approximations within PERTRAN, 
two-dimensional spatial calculations in x-y geometry were performed with the TDSN pro- 
,[ Perfect reflection boundary condition 
0 Perturbed ..... "... fuel regions 
-Molybdenum 
reflector 
-No re tu rn  cur ren t  
boundary condition 
Figure 2. - Sample problem geometry wi th boundary conditions and material re -  
gions (height = 45 cm). Perturbed regions for both sample problems are shown. 
14 
gram. 
ing from a perturbation and the fluxes and currents which PERTRAN uses to determine 
this eigenvalue change. 
region is 30 by 30 centimeters in cross  section; the annular molybdenum reflector raises 
the overall cross  section to 40 by 40 centimeters. The reactor height is 45 centimeters. 
Four group cross sections from the GAM program (ref. 5) were used; the energy group 
structure is shown in table I. 
These spatial calculations provided both the change in eigenvalue A(l/k) result- 
A quadrant of the fast spectrum reactor model is shown in figure 2. The fueled 
3 
4 
TABLE I. - ENERGY GROUP STRUCTURE 
40 .87  keV 
. 4 1 4  e V  
Low energy boundary 
. 1 8 3  MeV 
aUpper  energy boundary is 
1 4 . 9  MeV. 
Two sample problems were considered: (1) the perturbed region is small, at the 
The pertur- 
center of the reactor, with a small transverse leakage rate; and (2) the perturbed region 
is larger ,  with a high transverse leakage, at  the corner of the reactor. 
bation in all cases was a 1-percent increase in material density in the perturbed region. 
The output listing of the center-perturbed sample problem is given in appendix B. 
For each of the sample problems the perturbed and unperturbed eigenvalues were 
calculated with TDSN using both P-1 and P-0 
to the change in eigenvalue A( l /k)  that PERTRAN provides are compared to the TDSN 
eigenvalue changes. 
the angular fluxes. 
the corresponding approximation in PERTRAN as well as the fluxes for the diffusion 
approximation in PERTRAN. 
perturbed material - not for the entire assembly. 
* 
cross sections. The three approximations 
In the absence of P-1 cross  sections, TDSN will compute the current directly from * 
Hence, the P-0 spatial calculation provided fluxes and currents for 
Furthermore, P-1 cross sections were used only for the 
Center Perturbation 
For the smaller center region, the perturbation changed the eigenvalue l / k  by 
about 0.005 percent (table 11). All the PERTRAN approximations gave values of A ( l / k )  
15 
TABLE II. - COMPARISON OF TRANSPORT AND VARIOUS PERTURBATION CALCULATIONS 
[Perturbation is 1-percent increase in material  density; perturbed regions a r e  corner and center (fig. 2); Keff is nearly unity. ] 
Program 














-. 3 4 2 ~ 1 0 - ~  
-0.352~10-~ 













- _  3 4 6 ~ 1 0 - ~  
0. 276x10-3 





















- _  54x10-~ 














-. 5 5 ~ 1 0 - ~  
-0.551~10-~ 
-. 621X10-7 
'Refers to perturbation of large corner region (see fig. 2). 
bRefers to perturbation of small  center region (see fig. 2) using 1 mesh point in that region 
'Same as footnote b but using 3 mesh points in that region. 
dP- 1 cross  sections used in TDSN spatial calculations; corresponding approximation used in PERTRAN. 
eP-O transport  corrected c ros s  sections used in TDSN; currents obtained and used in corresponding PERTRAN approximation. 
fSame TDSN calculation as in footnote e ;  TDSN currents not used in PERTRAN (KD=-l option used).  
gConvergence cri terion used in TDSN was 
hLeakage is in direction of calculation (not a buckling loss).  
that a r e  within 2 percent of the TDSN value. The leakage (in the direction of the calcu- 
lation - in the xy-plane) was a negligible part of the total A(l/k) - about a thousand 
times smaller. * 
The P-1 and P-0 approximations provided nearly identical results for A(l/k) and 
the leakage. However, the leakage calculated in the diffusion approximation is a factor 
of 40 times greater than the P-1 and P-0 leakage. In this particular problem only one 
mesh interval was used in the 1-centimeter perturbed region. The same problem was 
also examined with three mesh intervals in the 1-centimeter region; the total number 
of mesh intervals remained the same (12 by 12). 
The leakage in the xy-plane was strongly affected by this mesh change. The P-0 
leakage increased in absolute value by about 40 percent; the diffusion leakage decreased 
to one-sixth of the value obtained when using only one mesh interval. 
brought the diffusion leakage to a factor of 4 greater than the P-1 o r  P-0 leakage. The 
eigenvalue increments A (l/k) in the P-0 and diffusion approximations were essentially 
not affected by this mesh change. 
In order to further improve the leakage calculation (in the xy-plane) in the diffusion 
approximation, one would probably have to further increase the number of mesh inter- 
vals in the perturbed region, which in this case would then require more total mesh in- 
te r vals . 
* 
* 
These changes * 
* 
Corner  Perturbation 
The corner perturbation produced an eigenvalue change of about 0.035 percent. The * 
P-1 and P-0 approximations were the same, about 3 percent different from the ThSN 
16 
I 
.... .......... ... .... _---..-- .. .-.---. ....... - .. .. 
values of A(l/k).  But the diffusion approximation to  A(l/k) was only about 75 percent 
of the TDSN value. 
leakage was about one-fifth of the P-1 or P-0 leakage. 
It appears that for the same accuracy the diffusion approximation will require more 
mesh intervals than the P-1 or P-0 approximations. However, if nontransverse leakage 
is an important part of the total eigenvalue change, then the diffusion approximation may 
not be adequate regardless of the number of mesh intervals. 
The PERTRAN input instructions and notes on the input and output features are pre- 
sented in appendix C. Appendix D is a FORTRAN IV listing of the entire PERTRAN pro- 
gram. 
* 
The P-1 and P-0 leakages differed by about 2 percent; the diffusion * 
* 
CONCLUDING REMARKS 
The most important characteristic of PERTRAN, compared to other perturbation 
The programs, is that it offers three approximations to the perturbation calculation. 
approximations, P-1, P-0 , and diffusion, a r e  in order of decreasing accuracy, but the 
associated transport calculations also require decreasing amounts of computer storage 
and computational time. 
The most accurate (P-1) approximation requires the use of P-0 and P-1 cross  sec- 
tions and, hence, the calculation of currents as well as fluxes. 
in PERTRAN requires only a P-0 cross section set but it also requires the currents 
from the spatial calculation. 
cross  sections and fluxes. (The fluxes, however, may come from a P-0 spatial calcula- 
tion and s o  they do have that accuracy. ) The leakage is obtained from the flux gradient 
(using Fick's law). 
approximation could treat  problems with many more mesh points and groups than the 
approximations requiring currents. 
ber and spacing of mesh intervals may be determined for a specific problem. 
approximation which gives a certain accuracy for the least amount of computer storage 
and computational time for the spatial calculations may be used. 
* 
* 
The P-0 approximation 




Since only fluxes from the spatial calculation a r e  required, this 
The relative accuracy of the approximations and the dependence of accuracy on num- 
Thus, an 
Lewis Research Center, 
National Aeronautics and Space Administration, 
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APPENDIX A 
CURVE-FITTING TECHNIQUES FOR FLUX PROFILE 
The first technique, the Vandermonde matrix method, which will f i t  a polynomial of 
degree n-1 through n given points, is used in PERTRAN to obtain the flux shapes and 
then the gradients. Three points or fluxes at three consecutive mesh intervals are used 
to f i t  a second-degree polynomial. The following derivation of the equations is con- 
ducted in generalized form in which y will represent the flux and x will represent the 
spatial variable. The polynomial is 
2 y = a o + a l x + a  2 x 
which is Xa = y in matrix form. The column matrices (a and y) are 
and the Vandermonde matrix is 







If X is written as the product of a lower triangular matrix L and an upper triangular 
matrix U, then 
x = LU (A5l 





1 -xl XlX2 
0 0 -xl-x2 





x1 - x2 x2 - x1 
1 1 1 
Now the matrix of the coefficients ai is given by 
I a = x - l y  
a = U  L y -' -' I 
Evaluating a gives 
(A7 ) 
Let the lower element of the L- l  matrix be z. Then, Y 
19 
1111 Ill 
This is the matrix of the coefficients ai. 
fitted polynomial is given by the derivative of equation (Al): 
The gradient of y at any location x. within the range of validity of the three-point J 
Substituting the coefficients a1 and a2 from equation (All)  gives 
-c 
This is the desired flux gradient (Vcp) expression. 
determines the neutron current for a particular energy and location: 
Through Fick's law the flux gradient 
However, because TDSN provides scalar fluxes for the midpoints of mesh intervals, 
the flux gradient at these midpoints does not necessarily provide a good representation 
of the current through that mesh interval. More information can be incorporated into 
the current calculation by using the net current through the parallel faces of the mesh 
interval to represent that interval. Thus, a difference in gradients taken at boundary 
points of mesh intervals is used as the net flux gradient Vcp : 
-c 
Vyj+l - Vy. 1 = 2a2(xjtl - xj)  
20 
x2' with Ax, =x2 - x1 and Ax2 = x3 - 
Frequently, a calculational configuration has boundaries that a r e  perfectly reflect- 
ing (i. e., the cell condition). In such case there is no net current across the boundary 
and, therefore, the flux gradient is zero. If a flux profile fitted to three mesh points is 
extrapolated to the boundary, it will not necessarily have zero slope at the boundary. 
Therefore, if the cell condition exists, the PERTRAN program fits a second-degree 
polynomial to the slope (identically zero) at the boundary and the two closest flux points. 
Equation (A,) is the generalized polynomial for the flux profile. The flux gradient is 
then 
y' = al + 2a2x 
The zero gradient restriction 
y h = O = a l + 2 a x  2 b  
at any interior or exterior boundary xb determines al 
6417) 
in terms of a2 and xb. 
Therefore, using the flux (y, and y2) at two adjacent mesh points (xl and x2) we 
obtain from equation (A16) 
Now to determine the net flux gradient across such a bounding mesh interval with a cell 
condition on one side, we need merely to evaluate equation (A16) for y' at the boundary 
between x1 and x2. This particular gradient is given by 
and is used as 59 in equation (A14). 




SAMPLE PROBLEM OUTPUT 
This sample of PERTRAN output is the corner perturbation problem (P-1 approxi- 
mation) discussed earlier. 
S A U P L t  P K J B L t M  L d R N E R  P - 1  A P P H O X l M A T l O N  
NFAST NOOYN 
3 
K P  
1 
N M l O  
3 
X K E F F  
0 . 9 9 9 2 b 7 0 0  
NUP 
0 
K S  
NR 
1 2  
1 1 2  
1 
K F L U X  
i 
l G H l  
-0  
N l  






N b  
4 




L A S T 1  




L l S T F X  
I 




N Z J N L l  
3 
L A S T  








V I  I r J l  
0.40000110E 01 
O.ZOOOU00E 111 







o . 2 o o u d o u t  01 
O.2OOOUOOE 01  
U.100J00UE 01 
c.2coU(1ouc 0 1  
0 . 1 0 U U U 0 U ~  0 1  
0 . 2 0 0 0 0 0 u c  01 
0.4000UOOt 01 
U . L O O O U 0 0 i  01 
0.4OJOUOUt 01 
O.2OOOOOUE 01 









0 . 4 0 0 0 0 O J E  01 
0.50UOOOJk 01 
0.40000UOE 0 1  
0.5 000 0 dU t 01 
O.4000U00E 01 
0 . 5 0 U 0 J 0 0 E  0 1  
0 .4000000 t  01 




0 . 2 5 O O O O J t  U l  
0.2 oou501) t 01 
0 . 2 5 0 0 0 0 0 6  01 
O.2UOOUOUE 01 
0.2 5 000 00 t 0 1 
O.2OOOOOOE 0 1  
0 .2500 JOO t 01 
0 . 5 0 0 0 0 0 d E  01 
0 . 6 2 5 O J O 0 t  J l  
0 . 5 0 0 0 U O d t  0 1  
0 . b 2 5 0 0 0 U t  01 
3.4003000E 01 
0 . 5 0 0 3 0 0 J E  0 1  
0 . 4 0 0 0 0 0 0 E  01 
0.40000013E 01 
0.4000000E 0 1  
0 . 4 0 0 0 0 0 U E  01 
0.4000000E 01 
0 . 2 0 0 0 0 0 0 E  01 




0.5000000E 0 1  
0.5000000t 01 
0.2OOOUOOt 01 
0 . 2 0 0 0 0 0 0 ~  n i  
0 . 2 0 0 0 0 0 0 E  01 
0 . 2 0 0 0 0 0 0 E  01 
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APPENDIX C 
PROGRAM INFORM AT I ON 
Input In structions 
This section contains the input instructions and explanations of the input parameters. 
The symbol * after a card number means to use as much of the card o r  as many cards 
as necessary. 
Card Format 
















Title cards. Number in card column 1 signifies the 
Number of materials for which perturbed cross  sec- 
tions will be provided. 
Number of energy groups. 
Number of fast groups (to be used if KCTYP = 0 o r  1 
Maximum number of groups down-scattered to. 
Maximum number of groups up-scattered to. 
Number of first direction mesh intervals (horizontal 
Number of second direction mesh intervals (vertical 
Format for cross sections (see card 15). 
= 0 Perturbed then unperturbed cross  sections in 
last title card. 
and NUP > 0). 
direction on map - left to right). 
direction on map - top to bottom). 
TDSN format. Increments a r e  obtained within the 
program: A 2  = Cp - C. 
if  a buckling loss is to be determined - card 16. ) 
(This option must be used 
= 1 Increments AX in TDSN format. 
Format for geometric specifications. 
=1 U s e  mesh from TDSN binary dump (obtained from 
TDSN option KBCDUP = -2) .  See also cards 6 to 8. 
= 2 Use binarydump of A r  and Az instead of r 
and z. See cards 9 and 10. 
= 3 Not binary (see cards 11 to 13). 
= -1 Read in perturbed v-fission cross sections, and 
then the adjoint production (P:). 
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Card Format Variable Description 
= 0 Read in real (Pi) and adjoint (Pi t ) production 
K P  
K s  
KAR 
KD 






P.P. T V. (cannot be 
= 1 Read in PAP, which is E 1 1  1 
i 
used if  KBEFF = 1). 
= 1 Contribution to A(l/k) from production incre- 
ments A(vCf) will be calculated. 
= 1 Contribution to A(l/k) from incremental scat- 
tering into a group will be calculated. 
= 1 Contributions to A(l/k) from transport, absorp- 
tion, scattering removal, and buckling loss incre- 
ments will be calculated. 
= 2 Lifetime will be calculated. 
= 1 Contributions to A( l /k)  from diffusion coeffi- 
cient increment will  be calculated. U s e  only with 
KAPROX = 0. If KCTYP # 0, AD will be calcu- 
lated internally as AD = A 1/(3C ) . Restricted 
to N R Z 3 a n d N Z # 2 .  
tion exists which will be specified on card 30. 
sponding to material map in TDSN but not restricted 
to that map). 
Number of material zones in second direction (corre- 
sponding to material map in TDSN but not restricted 
to that map). 
= 1 List flux input and production rate input as part 
[ t r l  
= -1 Same as for +1 except that cell boundary condi- 
Number of material zones in first direction (corre- 
of output. 
Number of materials in identification map (IDM) 
Type of approximation. 
= 0 Diffusion theory. 
= 1 Transport theory - (P-0 ) transport corrected 
P-0 cross  sections. 
= 2 Transport theory - P-1 cross sections. 
Format for fluxes and currents (see card 2 1  ). 
= 1 From TDSN binary dump. 
(hence, TDSN map can be used directly). 
* 
* 
= 2 5(15, E10.6). 
= 3  7E10.6. 
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Card Format Variable Description 
KBEFF = 1 Perform &effective calculation; read in de- 
5 F10.8, 3110 XKEFF Multiplication factor (k) from unperturbed calcu- 
layed spectra information at cards 32 and 33. 
lation. Must be included for all problems, even 




Number of delayed spectra to be read in. 
Highest energy group in which any of NDSP 
Lowest energy group in which any of NDSP 
spectra contribute. 
spectra contribute. 
If KIN = 1 and KBEFF = 0 read in cards 6 to 8. 
card 6. 
If KIN = 1 and KBEFF = 1 read in only 
6* Binary V(IJ) 
7* Binary R (1) 
8* 
If KIN = 2, read in cards 9 and 10. 
9* Binary DELR(1) 
10* Binary DELZ(1) 








Volumes from TDSN binary dump. 
Mesh boundaries in first direction (NZONE1 
Mesh boundaries in second direction if NZ > 2 
values). 
(NZONE2 values). 
Mesh increments in first direction. 
Mesh increments in second direction. 
Geometry . 
= 1 Slab (X - y). 
= 2 Cylinder (r - 2). 
= 3 Sphere (r). 
First direction mesh. NM is the number of mesh 
intervals to include between the preceding value 
of RM and the value of RM that immediately 
follows NM. If NM = 0, associated RM is 
ignored. If NM < 0, associated RM is the 
last value to be used. SUM(NM) = NR. 
Second direction mesh if NZ > 1. Same as for 
card 12 except that STJM(NM) = NZ. 
Card Format Variable Description 
If KBEFF = 1 read in only cards 22, 28, 29, 32, and 33. 
14* 7E10.6 CHI (IG) 
15* TDSN C 
7E10.6 
If KCTYP = 1, skip card 16. 
16 7E10.6 H1 
H2 
BF 
H P 1  
H P2 
MATCHG(1) 17* 1415 
Fission spectrum (NG values). 
Cross sections (see Input Notes, p. 29). 
If KAPROX = 2 and KCTYP = 0, then the order 
of cross  sections for each of NMAT materials 
is as follows: 
Perturbed P-0 c .  s. 
Unperturbed P-0 c. s. 
Perturbed P- 1 c .  s. 
Unperturbed P- 1 c. s. 
Perturbed removal c. s. 
Unperturbed removal c .  s. 
tions. 
If KAPROX < 2,  do not include P-1 cross sec- 
If KCTYP = 1, each set of perturbed and unper- 
turbed cross sections is replaced by one set  of 
cross section increments. 
Buckling dimension in first direction; zero only 
Buckling dimension in second direction; zero 
Buckling factor (@): r / l 6  for plane bound- 
aries;  2 (2.405/fi) for cylindrical boundaries. 
Perturbed buckling dimension (1st direction); 
zero i f  H1 is not to  be perturbed. 
Perturbed buckling dimension (2nd direction) ; 
zero if H2 is not to be perturbed. 
= 0 Particular material in map is not to be per- 
turbed. 
ginning with l if  it is to be perturbed. 
There will be NMID entries of which NMAT will 
be nonzero running from 1 to NMAT. 
if no buckling loss is considered. 
except for one-dimensional slabs. 
= material number In compacted sequence be- 
I 
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Card Format Variable Description 
Cards 18 to 20 form the .material identification map. 
may be used but it is not required. 
For convenience, the TDSN map 
18* 7110 NMRA(1) Number of mesh intervals per zone in first direc- 
19* 7110 NMZA(1) Number of mesh intervals per zone in second 
NZONE2 values. 
20* 1415 IDM (IJ) Material identification number to include in each 
NZONE2 sets  of cards (1 if NZONE2 = 0) 
tion. NZONEl values. 
direction if NZONE2 > 0. 
zone. 
with NZONEl values per card. 
cross sections a r e  read in for the zone (i. e . ,  no 
perturbation). However, through MATCHG 
(card 17) the map from TDSN can be used here 
without having to zero any IDM entry). 
21* Binary XN Use if  KFLUX = 1; real  fluxes (NIJ values for 
group 1, then NIJ values for group 2, etc. ). 
Use i f  KFLUX = 2; NM is the number of mesh 
intervals with the flux level XN. 
completing the MJ total must be <O. 
group 1, then for  group 2, etc. 
IDM = 0 if no 
5(15, E10.6) NM, XN 
The NM entry 
7E10.6 XN Use i f  KFLUX = 3; fluxes for all intervals for 
22 * XNA Adjoint flux. Same format as on card 21. 
If KAPROX > 0, read in currents on cards 23 and 24; i f  NZ > 1, read in cards 25 
and 26 as well. 
require reversal, just as adjoint fluxes. 
The format must be the same as for card 21. The adjoint currents may 
23* 
2 4* 
XJ First direction real current. 
XJA First direction adjoint current. 
Read cards 25 and 26 only if  KAPROX > 0 and NZ > 1. 
25* 
26* 
YJ Second direction real current. 
YJA Second direction adjoint current. 
Read in card 27 only i f  KPAP = -1. 
27* 7F10.8 PNUF (IG) U s e  if  KPAP = -1. Read in perturbed v-fission 
cross sections (to be combined with the unper- 
turbed fluxes to obtain the real  production F(1J)). 
28 
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Variable Card Format 
27* (Cont.) 
28* Binary F (IJ) 
29 Binary FA(1J) 
Read in card 30 only i f  KPAP = 1. 
30 E10.6 PAP 
Description 
See equation (18). NMAT card sets, each with 
NG entries. 
either perturbed o r  unperturbed (see Input 
Notes, p. 29). Binary format from TDSN. NIJ 
values. 
must be the unperturbed production. ) 
from TDSN. NIJ values. 
U s e  i f  KPAP 5 0. Read in the real production, 
(If KBEFF = 1 or if  KPAP = -1 this 
Unperturbed adjoint production. Binary format 
NIJ  
IJ 
F(IJ)*FA(IJ)*V(IJ) as given from a previous 
PERTRAN problem. 
Read in card 31 only i f  KD = -1. 
31 7110 KRBC = 0 Not a cell condition; that is, no return cur- 
rent across the right boundary (I = NR). 
boundary (I = NR). 
= 1 Perfect reflection exists across  the right 
Same options for left boundary (I = 1). 
Same options for top boundary (J = NZ).  




Read in cards 32 and 33 only if KBEFF = 1. 
32 7E10.6 BETA(1) Delayed neutron fractions; NDSP entries. 
33* 7E10.6 DE LSP (J) Delayed spectra; NDSP se ts  of cards, each set 
with (IGLO-IGHI+l) entries (high to low energy). 
In put Notes 
Cross sections are required in the TDSN (ref. 3) format. The TDSN cross  sections * 
for  each group are absorption, v-fission, transport if  P-0 
scattering into the group, within-group scattering, and down-scattering into the group 
in a 7E10.6 format. 
fields; the res t  of the fields contain total, up-scattering, within-group scattering, and 
(total if P-0 of P-1), up- 
The P-1 cross  sections (P-1 of P-1) do not occupy the first two 
29 
I 
down-scattering cross sections. The P- 1 scattering cross sections already contain the 
21 + 1 multiplier. The removal cross sections from all energy groups are listed con- 
secutively, 7 to a card. The removal cross sections and the TDSN group sets are 
ordered from high energy to low. 
Perturbed cross sections may be used and the increments then calculated within 
PERTRAN. The P-1 cross sections are not considered separate materials and must be 
provided immediately after the appropriate P-0 cross  sections for each of the NMAT 
materials (see card 15). 
The real and adjoint fluxes and currents should be obtained from TDSN transport 
calculations - the real and adjoint solutions having been converged to the same multipli- 
cation factor k = k+. All fluxes and currents from TDSN a re  punched in binary form 
continuously for all mesh intervals for each group. 
The identification map for a perturbation problem may be identical to that used in 
TDSN. PERTRAN thus requires information as to which material regions in this map 
a r e  to be perturbed. 
v-fission cross sections and the unperturbed real fluxes. 
Within PERTRAN the format is changed to a slight modification of the TDSN format. 
The normalization factor determined by equation (18) requires the perturbed 
The KPAP = -1 options forms 
the production 
gram provides 
quantity c ( v B f  )" pg from this information. However, the 
in convenient form the quantities vC q and (vBfJP 
g g 
g fg g 
TDSN pro- 
q P  from 
g 
the unperturbed and perturbed calculations. 
which can be more conveniently handled, may be satisfactory. 
Under certain conditions these quantities, 
For example, if  vC is not perturbed o r  if all vCf a r e  perturbed by the same 
fg g 
factor, then the unperturbed production may be used (KPAP = 0). In the latter case this 
factor must then be removed from the printed perturbation results. On the other hand, 
if all the vC are not perturbed by the same factor but the perturbed fluxes pp a r e  
not significantly different from the unperturbed fluxes, then the perturbed production 
may be used (KPAP = 0). 
The liletime is calculated as an absorption perturbation (KP=KS=KD=O; KAR=2) in 
which (l/v) cross sections a r e  supplied rather than absorption cross sections (KCTYP 
may be 0 o r  1). Furthermore, the unperturbed real  production rate should be used and 
any approximation (KAPROX) may be used. However, i f  KAPROX = 0, then KCTYP 
must be 1 in order to provide transport cross sections for the Fick's law current 
approximation. Any lifetime "perturbation" should extend over the whole region that 
produced the particular flux spectrum and averaged l /v cross sections. The fission 
spectrum and the P-1 and removal cross sections a r e  not used s o  that blank cards may 
be read in for them. 
fg g 
30 
-- .. ... . . ..... ... .... 1. .I .I. .I. ,- ...,.. -I, .. m m 
The calculation of beta effective requires that the unperturbed production be used 
both separately and combined with the adjoint production; hence, the KPAP=O option 
must be used. Furthermore, only the adjoint fluxes are needed so KAPROX=O should 
also be used. In this case KCTYP may be either 0 or  1; no current approximation is 
made. Each of the variables, "MAT, KP, KS, KAR, KD, NZONE1, NZONE2, and 
NMID should be equal to 0 when KBEFF=l. 
in an adjoint flux containing a factor of k. If the prompt fission spectrum is treated as 
the delayed spectrum and a beta effective calculation is performed, then the unadjusted 
adjoint flux provides a Peff equal to k. Within PERTRAN this factor of k is removed 
(in a Peff calculation) from the adjoint flux so that an absolute Peff is obtained. If a 
delayed neutron fraction of 1 .0  is read in, the ratio Peff/P is obtained. 
turbed forms of equation (25), the calculation of the buckling loss requires an unper- 
turbed Ctr as well  as the increment AXtr; thus, the KCTYP=O option must be used for 
a buckling loss calculation. The perturbation of a buckling dimension H may be treated 
separately or in combination with a perturbation of Ztr. 
Within TDSN the normalization of the fission source in an adjoint calculation results 
Because it is difficult to determine AXlk explicitly from the perturbed and unper- 
Output  Notes 
The input parameters are listed and the computer storage required for the problem 
is listed under LAST. 
ternal modified TDSN form. 
The incremental cross sections a r e  labeled and listed in the in- 
If LISTFX = 1, the regular and adjoint flux, current, and production a r e  given in the 
The contribution to A(l/k) is given by group for production and inscattering sources 
Each GROUP entry is the sum of all the 
output. 
and for absorption, outscatter (removal), and leakage losses. Subtotals provide the 
total contribution by group and type of process. 
listed contributions, with one exception. In the P-1 approximation (KAPROX=2) the 
LEAKAGE contribution has already been included in other categories (see eq. (24)). 
The eigenvalue increment resulting from a change in the buckling loss is listed as 
TRANSVERSE LEAKAGE in the output. The nontransverse leakage out of a reactor sys- 
tem is given by the current-weighted contribution to A (  l/k). For the P-1 approxima- 
tion it is listed as LEAKAGE in the output; for the P-0 approximation it is listed as 
TRANSPORT; and for the diffusion approximation it is the sum of the two DIFFUSION 
COEFFICIENT entries. 
The perturbed and the unperturbed multiplications factors (kp and k) a r e  also pro- 
vided. If the lifetime has been calculated it appears as the absorption contribution to 
A(l/k). If a Peff calculation has been performed the delayed spectra a r e  provided as 
The normalization factor in equation (18) is printed out. 
* 
31 
output, and for each delayed spectrum j considered, the corresponding spectral sums 
Pj and P j(eff) a r e  given. 
Programming Notes 
Basically PERTRAN provides one large storage a r r ay  (X) with a length of 25 000. 
Within this a r r ay  the number of groups, types of cross  sections, materials, and mesh 
intervals are variable. (The amount of this 25 000 storage actually used is listed in 
the output as LAST. ) The dimension of this one large ar ray  could be easily changed to 
accommodate modifications to the program. 
Three other easily changed storage constraints occur in PERTRAN: (1) the PNUF 
a r ray  (in subroutine INPUT), which must contain ( N G W A T )  locations, is set  at 50; 
(2) the STOR a r ray  (in subroutine CREAD) must contain the larger of (NTYPS+2* NG) or  
(3*NG) locations and is presently se t  at 70; (3) the MATCHG a r ray  (in subroutine 
IDACAV) must contain NMID locations and is now set at 25. For further convenience in 
modification, an extra common block CALL3 (which is not used in the present version of 




This appendix contains the listing (in FORTRAN IV) of the program, overlay infor- 
mation, and a memory map. 







G T H t  C O M M J N  STATE41EluTS 
20MMc)iV X 
c ti?l MU N / C A L L 1  / NG, NTYPS 9 
1 NTYNCI, N F A 5 T r  &UP * N 2  t N L  , N I J I  
2 K F L t J X  t K b E f F  , K L T Y P ,  K 1  N t  
3 K P  9 K S  9 K A K  9 T 
4 K A P R J  XvNMAT , N M I L )  ,NL)SP t ILHI I G L U  ,X I R I X  [ L  
c Ll M lYc i  N / C A L L L /  P A P  
CLiMMO’\i / L A L L 3 /  K X T R A L  K X l K A L  , K X T K A 3 ,  K X T R A 4 t  
1 K X T N A 5  t k X T i A l t  E X T K A Z  E X T R A 3 9  E X T d A 4 r  E X T R A 5  
1 L C  , L C H I  t L F ?  LN, 
2 L V A ,  L X J , L X J A , L Y J v L Y J A ,  L P  * LS 9 L AI 
3 Ll i ,  L O l *  Ld2, L T L L  9 L T L 2 r  L S L X ,  
4 L K l t  L Z  L, L C L ,  L l - A ,  LNM t L* iM,  
5 L l d l ,  L I O L ,  L I O M t  X K t F F  
i 0 b! Ma ;J /L  I N P  T /  LMA 9 L V  * L U E L K ,  L I IELZ  , 
6 L A S T L ,  L A  S T 2 *  L A S T  
c 




U I M E N S I O N  X ( 2 5 0 0 0 )  
l C 0 0  L A L L  I N P U T  
I F  (L :qA)  1 0 U 0 ~ 1 0 U 0 , l O L 5  
c 
C 
1 0 2 5  C A L L  P t K T U K  I X ( L M A ) ,  X ( L V ) *  X ( L D E L K ) ,  X(LLI~LZ), X ( L C ) ,  X ( L C H 1 1 ,  
1X KE kF 9 X(L,qV),  X(L l ” iA)  9 X ( L F ) r  X I L P ) ,  X ( L S I ,  X ( L A ) ,  X ( L K l r  
2 X ( t O l ) ,  X ( L D . 2 )  , X ( L X J )  t X ( L X J A )  t X ( L Y J )  T X ( L Y J A 1 ,  
3 X ( L T L I ) , X ( L T L L ) ,  X I L S l X ) )  
c 
C 
I F (  KAPKOX.GT.0) GO TO 1050 
IF(KU.tU.O.AND.KAR.Nt.2) CCi T O  1050 
G A L L  3 I F d S t  ( X I L M A )  WXILV)  , X ( L U E L K )  ( X ( L D E L Z ) r X ( L C ) r X ( L N ) r X (  L N A ) r  





t N D  
B I t r t T C  P E K L  





C THE COdNCIN S T A T t M E N T b  
CUMMUnl X 
COMMON / C A L L A /  
1 NTYBVG, NF A 3 T I NUP t NK * 
2 K F L U X ,  K B t k f  I K L T Y P t  
3 K P  I K S  9 K A R  * 
4 KAPdc)  XqN MAT 9 NMI 13 ,ND SP 9 IGHI , I G L O  , X I  K 7 X IL 
C 0 M M J IN / C A L L L /  P A P  
CUMI.lclN / L n A L 3 /  K X T i i A l .  K X T K A 2  I 
1 K X T R A 5 ,  E X T R A l r  E X T K A 2 r  E X T R A 3 r  
L 0 ‘4 M 0 N / C I N P T /  LMAI L V  , 
1 LG , L C H l  v 
2 L Y A .  L X J ~ L X J A ~ L Y J I L Y J A I  LP ,  
4 L R l ,  L Z L .  L i l r  L F A ,  
5 LI31, L I D L ,  L I D M I  X Y E F F  9 
3 L K I  L D l t  L D L  9 LrLi. 
6 L A S 1 1 ,  L A  S T L  9 L A S T  
1 NGiY 1, NGPL 9 N 
c i)Y MU I\ /L HA IJG/ NDOIJNI 
NG 9 NTYPS 9 
NZ 9 N I J ,  
K I  N t  
K D  P 
K X T R A 3 r  K X T K A 4 r  
E X T R A 4 9  E X T R A 5  
L D E  LR, L DEL2  9 
LF 9 LNv 
L S .  L AI 
L T  L2 9 L S  L X ,  
LNMI L RM, 
r L 
G T H t  0 1 1 ’ 4 E N b I O h  S T A T E M c N T S  
D I M E N S I O U  x (250001 
0 1 M  EN S IUU 
U I M E N S I U N  P N U F (  5 0 1  
T I  T L E  ( A r t )  
G I F  KPAP.LT.0, PNUF I S  USED A N 0  MUST C O N T A I N  NG*NMAT L O C A T I O N S  
C 
c THc FUKMA T S T A T E H E N T S  
100 F31IMAT ( L H L )  
10 1 FLjKMA T ( 7F 10.8 1 
1 0 2  F O K M A T ( F L O . d v 3 1  LO) 
103 f--Oii#AT( L t i L , 7 t l H  THE PERTURBED N U * F I S S I O N  CROSS S t G T I O N S  ARE ( B Y  GR3 
lClP AN3 P C K T U K i 3 t D  M A T E K I A L )  1 
1 0 4  F 3 k M A T i 8 t  16.7) 
106 FUKMAT ( L X 9 1 4 A 5 )  
110 FOKMAT ( 7110) 
1 1 1  F U K M A T (  71 16) 
105 FURMAT ( 1  l i l X , 1 4 A 5 )  
34 
112 F O K M A T ( 3 I  l b r F 1 6 . 8 ~ 3 1 1 0 )  
120 F d R M A T  t LHJ ,  l l X ~ 4 H N M A T ~ L 4 X r 2 H N G r 1 1 X r T H N F A S T ~ 1 1 X t 5 H N D O W N r 1 3 X t 3 H N U P r  
121 FURMAT ( 1 H J ~ L O X ~ 5 H K G T Y P ~ 1 3 X ~ 3 H ~ I N t l 2 X ~ 4 ~ K P A P t l 4 X ~ Z H K ~ ~ l 4 X t  ZHKS, 
122 FORMAT ~ 1 H J ~ Y X ~ 6 t i N L D N E l ~ l O X ~ 6 H l ~ ~ O N E ~ ~ l O X ~ ~ H L I S T F X t 1 O X ~  6H N M I D t  1OK 
130 F U R M A T  ( l H L q 3 H N K = , 1 2 , 2 0 H  i s  L E S S  THAN THREE.) 
131 FORMAT t L H L 9 1 4 t i N Z  E Q U A L S  TWO- 1 
1 3 5  FORMAT 
14H\DSP 
1 1 4 X t 2 d N K  t 1 4 X t Z H N Z )  
1 1 3 x 9  3 H K A 3  9 1 4 x 1  2 H K J  1 
l t 6 H K A P R O X t l O X ~ 6 H  K F L U X p l O X , b H  KBtFF I 
( LHJ v 1 1 X  r 4 H L A S T  11 1 X t 5 H  L A S T 1  9 l l . X  r 5 H L A S  J2 9 L l X  9 5HXKEFF 9 1 2 X  9 
12 X , 4HIGHI 9 12 X ,  4 H I  ; L O )  
C 
1000 W R I  TE (6, 100) 
LO05 K t A O  (5,105) I T E M P , ( T I T L E  ( 1 )  9 I = l t 1 4 )  
WRITE (6,1061 . I T I T L E ( l l r  I = l r 1 4 )  
I F  ( I T E M P I  1 0 0 5 ~ 1 0 0 5 r l O l . O  
L 
101 0 K E A 0  ( 5, 1 10) NMA T , NG 9 NFA 5 T 9 NO OWN ,NUP NK 9 NZ 
d R I  TE (61 120) 
d R 1 T t 1 1 1 1 
? E A 0  f 5,1101 K C T Y P I ~ I N I K ~ A P I ~ P ~ K S I K A K I K D  
HKI TE (6, 121) 
WK I TE (69 11 1 k C T Y P  KI N , KPA P KP K5 9 KAR , KO 
2 t A D  (591 10) N L O N E 1  r N L S N E 2 , L I  S T F  XI . \ IM IO,KAPKOX~KFLJX,KBEFF 
d R I T E  ( 6 9  1 2 2 )  
&KI T t  46,111 1 
R E A D (  5 t l O 2 )  
( 6 N MA T t NG 9 NF A S T 9 ND U W N t NU P t NK 9 NZ 
N Z 3 N E L t  N L U N t 2  9 L i  b T F X ,  NMIDIKAPROX rKFLWX,  K B E F F  
XKEFF r N D S P t  I G H C  r I G L O  
L 
G 
1050 I F  ( N L )  1 0 5 5 ~ 1 C 5 5 ~ 1 0 6 0  
1 0 5 5  N Z - l  
1060 I F  ( K O )  1085,l08591065 
1 0 6 5  I F  ( N R - 3 1  1 0 7 0 t 1 0 7 5 ~ 1 0 7 5  
1070 H K i T t  (6,130) NK 
& € T U R N  
1 0 7 5  I F  ( N Z - 2 )  1 0 8 5 r 1 0 8 0 t 1 0 B 5  
lU80 rJK I T t  (6,131) 
KETUKN 
N T Y  P S = N D J  M N + N U P + ~  
N l Y N G = N T Y P S * N G  
NGP 1 = N G t L  
NGM l = N  G- 1 
I B b T U R = I \ r I J + N D S P * (  I G L J - I G ~ I + l ) + N D S P  
1 0 8 5  N I J  =NR*NL 
C 
1100 L M A = l  
F V = L M A  +N1 J 
L D E L R = L V + N  I J 
L O E L L = L D E  L K + k k -  1 
I F  ( N Z - 1 )  1 1 0 5 r i A 0 5 ~ 1 1 1 0  
1 1 0 5  L G = L D E L Z + l  
GO TO 1115  
1110 L G = L O E L L + N L - L  
1 1 1 5  L P ~ C S = L C  
I F  ( K A P K I X  .Ed. 2 ) L P  1GS =LC + NMA T*NTYNG 
L GH I =L P 1 C  S+NM A T * N  TYNG 
35 
c ~ ~ u L K L I N G  L O S S  STORAGE (BELOW)  
L C H A = L C H I  + 3*N G* NM A T 
L F =LC H I +N G 
L N  =LF +N I J 
LNA=Li\J +Nb*NI J 
L X J =L N A + I ~  G I N  I J 
I A 0 D = 1  
I F 1  KAPKUX-GT.  0) I A D D = N b * N I  J 
L X J a = L X J + I A D D  
L Y J = L  X J A +  I A O U  
I f ( N Z . L t .  1) IAOL)=L 
L Y J A = L Y J + I A D O  
L P = L Y  J A + I A D d  
lF (K t3EFF.bT .D)  L ? = L Y J A + I i j S T O K  
L S=LP +l\G 
L A = L L +i1L 
L K = L A  +l\b 
L U l = L  3 +Nu 
Ld2=Lcl l+;vL 
L T L  L=LDZ+NG 
L T L  2=L TL 1 +NG*NMAT 
L S L X = L  TL2+IJG*iJMAT 
L A S T L = L S l X + N G -  1 
t 
C L A S T 1  = STORAGE i i E W U I K E D  B Y  U V E K L A Y  011 
c L A S T 2  = S T U 4 A G k  R E O U I R t D  t3Y O V E R L A Y  001 
1125 L N M = L P  
L KW =L <4 M+ 5 
L K 1 =L dIY+b 
GU TO ( 1 1 1 6 r L 1 1 7 r 1 1 2 6 )  9 K I N  
1126 L L  L = L d  l + Y K + l  
L A S T L = L Z l + N Z  
GU TO 1128 
L A S T l = L L L + l  
i T k M P = L C L + N T Y N G - l  
A 127 L Z  i = L R  1 + L  
A128 L C l = L ?  
I F  4 I T t M P - L A S T 1 1  i 1 3 5 r 1 1 3 5 , 1 L 3 U  
1130 L A S T l = l T E M P  
1 1 3 5  L F A = L r i l  
1 1 3 6  I T t M P = L F A + N I J - 1  
i F  I K P A P )  1 1 3 6 ~ 1 1 3 6 r 1 1 4 5  
I F  ( I T E M ? - L A S T 1 1  1 1 4 5 , 1 1 4 5 , 1 L 4 0  
1140 L A S T l = I T t M P  
1 1 4 5  L I D l = L P  
L I D L = L  I D l + l J i O N E l  
L I!JM=L I U L + N L U N E Z  
i T E M P = L I O M + N L O N E l  
1150 L A S  T L  = I T t  MP 




1175 L A S T = L A S T Z  
1180 L A $ T = L A S T l  
I F  ( L A S T 1 - L A S T )  1 1 8 5 r L 1 8 5 ~ 1 1 8 0  
1 1 8 5  W K I T E  ( 6 9 1 3 5 )  
1186 W R  I TE (69 112) L A S T  , L A S T 1  y L A S T 2  9 X K E F F  r NDSP 9 I G H  I, I G L O  
I F  ( L A S T - 2 5 0 0 0 )  1200~lL00,1190 
36 
1 2 2 5  I F ( K b E F F . E d * l J  GO TU 1 2 7 5  
C A L L  CREAD ( X ( L G H I ) r  X ( L C ) r  X l L C l )  j 
C 
1250 (;ALL I D A C A V  l NK, NZ, h L O N t l r  N ~ O N E Z t N M l D t X ~ L l U 1 ~ ~ X ~ ~ ~ U 2 ~ ~ X ~ L I D M ~  
l r X (  L M A I )  
r t 
1 2 7 5  C A L L  N K t L i D  ( L I S T F X ,  X ( L N M ) ,  X ( L K M )  r X L L N ) ,  A ( L N A ) ,  X ( L K J ) t  
1 X ( L X J A ) ,  X ( L Y J )  9 X t L Y J A )  , X ( L V )  1 
C 
I F  (KPAP.GE.0) GO TO 1300 
I GO =O 
WR I TE ( 6, L 05) 
00 2 3 0 C  I N = L , N M A T  
I SP = I iU+N 6 
1GU =N G*( 1 N- 1 1 + 1 
R t A D I  5,101) ( P N W - l  I G )  rlb=lbdrlSP) 
2300 W K 1 T E l 6 r A 0 4 1  (PNIJF(  Ib) , I b = I b L J t I S P )  
L F t N D = L F + N I  J - 1  
D d  2 2 C C  I J = L F , L F t h G  
2200 X i  I J )=C.O 
1 J G=L ( 4 -  1 
DO L O O C  I b = L r N G  
DU L U O C  I J = L q N I J  
I J b = I  J b + l  
K = X  ( I J I 
1FLK.rU.O) btJ TO LOO0 
L A = L t +  13- 1 
L d=NG*  ( K -  1 ) + 1  G 
X l  L A  1 = X ( L A  ) +  X i  I J G ) * P N U k  ( L b  I 
2 U O O  C U N T I i V L E  
C STuKIdG I N  F I S S I O N  P U h t K  AKKAY OF S U B K O U T I N t  PAPCAL 
1300 C A L L  PAPCAL ( KPAP, L I S T F X ,  X ( L N M I  t X ( L K M ) ,  X l L V ) ,  X ( L F ) t  






t N U  
37 





c THE CiJMPIOrJ S T A T t M t N T S  
CUMPIOM / C A L L l /  
1 NTYNG, N F A S T ,  NclP r N d  r 
3 KP 9 K S  9 KAR 9 
4 
2 KFLUX Kl3tFk 9 r ( c r Y P t  
KAPROXr!’JMA J, i ’ iMIt)rNDSP,  IuHJ r I G L 0 , X  LR,X IZ  
C 
C THE i) I A E N  S I U N  S T A T E M t N  T‘ 
r N U M ~ ~ E R  UF M E S H  POINTS=, 1 5 ~ 5 2 ~  INCLUDED ~3 
SHOULD H A V E  BEEN, 15) 
c T H t  l -UNLTION S T A T E M E N T S  
L 
11\13 E X  ( LEVGTH, I NUE X O I I  N O E X L )  =LENGTH*(  I NDEXO-1 ) + I N D E X  L 
L O O C  Nt lP  1= J K + l  
r izp L = N Z + ~  
GO T d  (1005rlOC5,1d5U) 9 K I N  
1005 C A L L  c i C K t A 3  ( V ( 1 1 ,  V ( N I J ) )  
I F ( K t 3 E F F . t d . l )  GO TO 1100 
GO TO (LUU6,1100 ,1050J  9 K I N  
1006 C A L L  d C K E A U  ( K (  1 )  , R ( N R P L )  1 
I F  ( N L - 2 )  ll001LL001LOlO 
L O 1 0  C A L L  i 3 C K t A O  ( L ( 1 )  , L ( N L P L )  
GO TO 1100 
C 
1050 K t n D  ( 5 9 1  L C )  K b E D  
A R I T E  (6,130) KGkO 
G A L L  K L K t A U  I NM, K M ,  I T E M P ,  R 
IF ( ITEMP-NR)  1055r1060r1055 
1055 W K I T E  (6, A221 I T t M P t N R  
1 0 6 C  Ik ( N L - 1 )  L075r107511065 
L O 6 5  C A L L  & L K E A U  i NM, Rrl,  I T E M P I  2 
GO 1200 
IF ( I T t M P - N Z )  1010 ,L080rL0IO 
1070 HKI TE ( 6 , 1 2 2 )  I T E M P v N L  
GO TO 1200 
38 
C 
1075 T E ? l P = l . O  
J =l 
GO TO 1086 
1080 J = l  
1 0 8 5  T E M P = L ( J + i ) - Z (  J1 
l O d 6  I J = I N 3 t X (  NR, J 9 0 )  
GU Ti) ( 1 0 8 7 , 1 0 8 8 r 1 0 8 9 )  t K G t U  
1087 AVE=l.C 
GO T i l  1OYO 
1088 A V t = 3 . 1 4 1 5 9 2 6 5  
GO TO 1090 
1089 A V t = 3 . 1 + 1 5 9 2 6 5 * 4 o O / 3 . 0  
1090 DO L O 9 1  I = l p N K  
1091 V (  I J ) = J E M ~ * ( R ( l + i ) ~ * K G E O - R ( I ) * * K G E U )  
1092 J = J + l  
1J= IJ+1  
I F  ( N Z - J )  L l O O v  l l O 0 1 L  092 




1100 W R I T E  (6 ,131)  
DO l L O 5  J = l r N L  
I = I N D E X ( I \ I K ~ J ,  1) 
I TEMP= l I \ IDEX(NR J,IUK) 
1 1 0 5  H R I T E  ( 6 , 1 1 5 )  ( V ( I J ) r  I J = I r I T E M P )  
I F ( K D E F E . t U . 1 1  Gd TO 1200 
GO TO ( 1 1 1 0 ~ 1 1 5 ~ ~ 1 1 1 0 ~  9 K I N  
1110 h R 1 T E  (6,1321 
W K L T t  ( 6 , 1 1 5 )  L R ( 1 ) r  I = l , N K P L )  
X I & = R (  , 2 ) / 2 .  
I F  ( N L - 2 )  1150r1115r1120 
1 1 1 5  GU TU ~ L 1 5 0 , 1 1 5 0 r 1 1 2 0 l r  K I N  
1120 W R I T E  (6,133) 
W R I T E  ( 6 , 1 1 5 )  ( Z ( J 1 ,  J = l , N i P i )  
X I L = L (  , 2 ) / 2 .  
C 
1 1 5 0  I TEMPzNK- 1 
GU TO ( 1 1 5 5 ~ 1 1 6 5 r L 1 5 5 l r  K I h  
1155 DO 116C I = l p I T E M P  
1160 D E L K (  I ) = 0 . 5 * ( K ( I + L j - K ( 1 ) )  
GU TO 1 1 7 0  
1 1 6 5  C A L L  d C R E A D  L D t L R ( 1 )  r O t L K ( 1 T E M P ) )  
ii70 W K I T t  ( 6 1  121)) 
k R 1 T t  ( 6 t L 1 5 )  (DELK(1)r I = l r I T E F ' P )  
I f  ( N L - 2 )  1200,1200r1175 
i TEMP =NL- 1 
GO TO ~ 1 1 8 0 t i 1 9 0 r 1 1 8 0 ~  t K I N  
117  5 
1180 DO 1 1 8 5  I = l , I T E M P  
1185 DELZ(  I J = O . 5 * ( L ( I + 2 ) - L ( I ) )  
1190 G A L L  d C K E A O  I L ) t L Z ( L ) r U E L L ( I T E . M P J )  
1195 k R I T E  (6,121) 
GO TO l l Y 5  
W J K I  TE (6,115) ( U E L Z I I  j , I = l r I  TEMP) 
r 
C 




B I t l f T C  P t R 2 1  





C THE D I M E N S I O N  S T A T k M E N T S  
0 INkN 5 I U N  NM(  1) t RM( 1') 
U IWliN S 101 R ( 1 )  
G 




116 F O R M A T  ( 5 (  I b r E L 0 . 6 )  1 
l 0 O C  R (  l ) = O . O  
KclUNT=O 
K S T O P = l  
1005 R E A D  ( 5 9 1  16) ( N M (  I J r K I Y I I )  9 I = l r 5 )  
DO 1 0 2 5  I = l r 5  
I F  ( N M ( I )  1 10L0,1025rLOL5 
1010 NMt i )=-NM ( I )  
K S T U P = 2  
1 0 1 5  K l = K O U N T + l  
KUUNT=KOUNT+NM ( I )  
i l E L L = K M ( I  ) - K ( K l )  
T t M P = N P ( I  1 
D E L L = L ) k L L  / T E M P  
DU 1020 K=KL,KOUNT 
1020 K ( K + l ) = R (  K ) + U t L L  
102 5 CON T I N  LE 
GO TO 1005 








BIBFTC P E R 3  
SUi j&OUTI i \ lE  C K E A D  C d I  I C *  61 I 
C 
C R E A D  11q L K U S S  S t C T l O M S  
C 
c 
c T H t  L3MMJN S T A T t M t h T S  
COHMON / L A L L L /  NG, 
1 NTYIVG, N F A S T ,  NUP , Nk , NZ, 
2 Ki-LClX, KBtFC-  p KCTYP,  K I  N t  
3 KP P K S  t K A K ,  KD 9 
4 
1 NGPI l ,  N G P l ,  N 
KAPRO X P 84 MA T w N M  I L) ND SP 9 15H I v I C; L U ?X I K 9 X I L 
c o 4  M i l  $4 /CHANG/ NDOMN, 
NTYPS 9 
N I J I  
C THE U I i Y l t N S I U N  S T A T E M E N T S  
0 1MSh S IUlu C ( l ) ?  C H I  ( 1 )  t C 1 ( 1 )  
I) I M t N  5 I O Y  STUR ( 70) 
C S T J K  oYLST C J N T A I N  THE L A t i b t K  OF (NTYPS+Z*NG)  UR ( 3 * N G )  L O C A T I O N S  
C 
C THE F i 3 K M A  T Z T A T t M E N T S  
101 F d K M A T  1H 1 
102 F i J K M A T I  1 H K r 3 6 H  D E L T A  O U C K L I N G  L U S S  C K O S S  S E C T I O N S  ) 
1U3  F O K M A T ( l d J , 5 X , l B H  F I R S T  D I K E C T I O N  / ( 7 t 1 8 . 7 ) )  
1 0 4  F U R M A T (  l H J r 5 X , 1 8 r (  S t C d N D  D I R E C T I O N  /(7t18.7)) 
105 F O R M A T (  L H K 9 4 0 X 9 1 O H  M A T E R I A L  , 1 2 1  
106  F t J S M A T ( L H ~ , 3 L H  H J C K L I  NG L U S S  I N F O k M A T I O N  * * * + / l 8 H  F I R S T  DIMEI \ IS IOY 
1 r F  1 0 * 6 , 1 B H  S t C U N D  D I M E N S I U N  ,F1016/2dH F I K S T  O i M E N S I O N  PERTdKBEI)  
2 r F 1 0 . 6 r 2 8 H  SkCONU i ) l M t N S I O N  P t K T L I K b E D  r F 1 0 . 6 / 1 8 H  B U C K L I N G  FACTOR 
3 v F 1 2 . 7 )  
112 F U K M A T  ( 7 tLO.O) 
1 1 3  I-UAMAT ( 7 t l d . 7 )  
120 POAMAT ( 1 H L r 7 H C H I  ( I G )  1 
121 FSAPlAT ( l r l L t 2 6 H K P l  F U R M A T  C R O S S  S E L T I O N S . )  
122 k 3 i t ” i A r  I L H L , 1 2 5 t l L ( N t l Z , I T Y )  F O R  I T Y  OF S l G  A, NU S I G  F , ( D *  OR T R  3 
1K T U T ) r  S I G  OUTSCATTER,  NUP VALUES i)F S I t  UP, ANU NDOWN V A L U E S  f lE  
2SIG Ui)lPJN.) 
123  F D K M A T  ( l H L ,  6OHTDSN f OKMAT CKUSS SECTIUNS,  TRANSPORT APPROX I M A T  I O N  
1. P - 0  TKANSPdRT G O K R ~ C T E U  CS.1  
1 T i .  3 I F F U S I t i N  A P P K U X I M A T I U N . / 8 3 H  D * = ( D t L T A  S I G T R / ( 3 . * ( S I G T R * ~ Z ) ) )  
2 Uk D * = ( - O t L T A  D I F C U E F / (  L.+UELTA LIIFC[JEF/DIF~OEF) ) i 
1 E K T U A  d € O  A N 3  UNPEKTUKdEO C K U S S  S E C T I O N S )  
1 2 4  FOKMAT ( L H J , 8 0 H T d S N  F O R M A T  CROSS S E C T I O N S  W I T H  D* I N  P L A C E  OF S I G  
125 I - U k M A T (  1 H L * 9 1 H D E L T A S  CUMPUTED I N T E K N A L L Y  FROM D I F F E R E N C E  BETWEEN P 
126 F U K M A T  ( A H J ,  7 3 H T D S N  F U t i M A T  GROSS S t G T I O N S .  TRANSPORT APPK3X I M A T I O N  
1- w l T H  P - 0  AND P - 1  C S - 1  
12 7 FORMA T ( LHL , 1 SHUELTA S K € A D  1 N 1 
128 F L I K M A T ( l H K , 5 9 H  TDSN FOKMAT. P-1 CKUSS S E C T I O N S  W I T H  F A C T 0 9  O F  3 1’4 
A29 FUKIYAT( 1HKs33H D t L T A  O U T S C A T T E R  CKOSS S E C T I O N S  ) 
130 F U R M A T ( ~ H L I ~ L ~ H  C I N , I G p I T Y )  FOR I T Y  UF 0.0 9 P-0 G-TO-G, TRANSPORT 
1, P-1 G-TO-G, NUP V A L U E S  O F  SIG UP, AND NOOWN V A L U E S  O F  S I G  DUrlN.J 
1 C L U D k U  1 
C 
C T h E  F U N C T I O N  S l A r t M E N T S  
41 



















NR I TE (6, 120) 
W K l T E  (6,113) ( C d I ( I G )  9 IG=lrNGJ 
NPOCS=NTYNG*NMA T 
JOG=C) P - 0  C R O S S  S E C T I U N S  
J O G = 1  P - 1  C R O S S  S E C T f O N S  
N O L J P L = C  
JOG=O 
I F ( K C T Y P . N E . 0 )  GO TO 1 0 2 5  
J DU Uti L = 1 
J U O U & L = L  READ I N  PEKTUKkiED CKUSS S E C T I U N S  
J D O U B L = 2  READ I N  UNPEKTUKBEU C K O S S  S E C T I O N S  
00 290 N = L * N M A T  
00 280 J I G = L , N G  
J K 1 = I 1’4 0 E X I N T Y P S , J I G 9 1 1 
J K L = I  iU DE X ( N TY P S p J II; pi’4 T Y  P SI 
I F (  JD i lL t i L .EU.2 )  GO TO 282 
GO TO 2 8 0  
R E A D (  5 9 1 1 2 )  ( S T O K ( J 1 K )  r J I K = l r N T Y P S )  
HOLI)=STOR ( 3 )  
L E 4 L) = 7 C-N G+ J I G 
S T d A ( L f k D ) = S T O R L 3 )  
KLJN T=O 
KON T=r( J N T + 1  
C 1( &K 1 =C 1 I KK ) - S  TDK ( KUNT)  
I; 0 N T I 11 UE 
R t A # (  5,112) ( C  1 ( J K )  r J K = J K l ,  J K Z )  
DO 2 7 0  K I ( = J K l * J K 2  
IF [ A B  S ( C  1 ( K K  1 1 L T -  0 0 0 0 0 0 5 )  C1( K K ) = O - O  
I F ( K A P K O X - G T . 0 )  G O  TO 280  
L L I  J K  1+2)  = C I.( J K L + Z )  / (  3 -  0 * H O L D * H O l O )  
SEE EO. 3 2  I N  k K I T E U P  
CON T I i’4 LE 
I F ( J D O L B L . E U . 2 )  GO TO 210 
JOUUBL =2 
GU TO 281 
42 
REAL) (5,112) ( C l ( K ) r  K=KL ,KZ)  
WK I TE ( 69 1 13) 300 (C 1 ( K)  T K = K 1  p KZ 1 
C 
C TRANSFER TDSN L K O S 5  S E C T I O N S  F K U M  I N P U T  AKKAY C l  T O  PERMANENT 
C S T O K A G t  ( A L T E R E D  F U R M A T I  I N  C 
L = I N l ) t  % I N  TYNG 9 Nv kl) 
LL=L+ 1 
I F (  NU WP1. EQ, 1 )  L=L+NP 0C S 
DO 1 0 5 5  K = K l , K Z  
LLL =NP CC S + L L  
I F ( N O ~ P l o ~ a . l o A N D o K . E U , I K L + 1 ) )  GO TU 1055 
I F ( K o J T o ( K l + Z ) )  G O  TU 1 0 4 5  
LO35 C ( L ) = C  11K 1 
GU TU 1 0 5 5  
L O 4 5  IF(NLIWPL.EU. l.Ah30K.EC!o (Kl+NUP+3)I C ( L L L + Z ) = C l ( K )  
I F ( N U d P l o E U . 1 )  G J  TO 1046 
I F  ( KA P i i 3 X  .EQ. 2 .  AND, KO t'u. ( K L  + K U P + 3 )  1 C ( LLL 1 =C 1 ( K 1 
1046 I F ( K - ( K 1 +IV UP + 3 ) 1 0 5 0 9 1 05 5 9 1 03 5 
1050 C ( L + l ) = C l  ( K )  
1055 L = L + l  
I F I K A P R O X . L t . 1 )  GU TO 1 0 5 4  
I f ( N O d P l . c d . 1 )  G d  TO 1 0 5 4  
N O W P L = l  
GO TU 2 7 9  
C R E A D  J L T S C A T T E R  
WX I T t  ( 6 9  1 2 8 )  
1054 'dR I TE ( t c  101) 
W R I T E (  6,129) 
K t A O  ( 5 ~ 1 1 2 )  ( C l ( K ) c  K = l t l \ r G )  
I F ( K C T Y P . N E . 0 )  CiCI TO 2 5 0  
R t A O L 5 , L l L )  ( S T U K ( K ) r K = l , N G )  
00 L40 J X = l r N G  
240 C 1 1  J X ) = G L ( J X ) - S T U K (  J X )  
250  W R I T E ( 6 p I L J )  ( C i ( r 0  r K = l r ) V L )  
L)O 1 0 0 C  I G = l r N G  
K L = I N D E X ( N T Y P S T  iG.4) 
L = I N D E X ( N  T Y i q G t N t K l )  
1060 C ( L  ) = C  1( IG 1 
I F ( t C C T Y P o E O . l )  GO TO 2 9 0  
H 1 = O o  0 
C K E A 0  TAAN SVEK SE L E A K A c l t  ( d U C K L 1  N U )  LOSS I NFOKMAT I O N  
C L A L G U L A T t  t3LICKLL.VG LOSS C R O S S  S E C T I O N S  AND S T O K E  I N  C 
c GAMMA = 0 , 7 1 0 4 5 6 0 n  
I TAG-0 
I F ( N - ( ; T I L )  G'3 TO 1200 
K E A D (  5,112) H l , H L , B F , H P l r H P 2  
H K I T t (  6 , 1 0 6 )  H l , H Z , H P l , d P Z  ,BF 




N S=NG*NMA T*N J YP S 
I A = N S +  1 
I8 = 3* N G * i l  MA T+ i A- 1 
Do 1201 I = I A T I 8  
I F (  KAPKUXoEQ.2)  IVS=Z*NS 
43 


















C (  I3 ;O .O 
DO 1 2 0 2  I L K Z l r N G  
I TAG= I TAG + 1 
I N 3  W =  I ST+ I Lk 
I K = N G * ( N -  1 ) + N S + I L K  
C i  I K  I = (  3TUR ( I NOW )* t iF*Bf  /HANGON) -C( I K) 
I f(H2,EU.O.OJ GO TU 1 2 0 3  
H A N d N  =I hH*S JUK 4 1 NOW) + 1.9209 1216 1 * * Z  
I K K = N G * N M A T + I  K 
C ( I KK 
J J = I N  d t X (  N TYP S 9 I CK 9 3) 
J J J = I  N U t  X I N T Y  NG 9 N * d J )  
H A N U N = (  H*STOR ( I I V C J W  )+lo420912 16 1 * e 2  
=( S JUK ( I NO d )  *dF  * B f  /HANG ON ) -C ( I K K )  
I f ( KA P ri0 X E 4 . 2 1 J J J=J J J +NPOC 3 
I F  ( KAPRUX .&to 1) F A i  TOK= l .  0 
IF (KAPKDX.EU.  0) FACTOR=3. * (STOK(  I N O w l * * 2 )  
I K K K = L * N G * N M A T + I K  
STdRE 1/( 3 * L S l G T i 4 * * 2 )  1 I N  C -- USED F O K  CUKRENT I F I L K I S  LAW) 
APPKOX IMA T I U N  F U R  KAPKOX=O. J = - O € L P H I  / ( 3 * S  I G T K )  
C (  LKKK )=1 .O/f-AC TOK 
STc)Kt  I N O d  1 =STOR ( I NOW) +FAC TOK+C( J JJ 
C it N T I 
I F (  h P 1 . N k - 0 . 0 )  H = H P l  
I F (  HP2.NE .0-0) Hr l=HP2 
i F (  ITAG.EO.NG) Gc7 TU 1200 
LJRI T E (  6,101) 
GO TO 1150 
CIE 
P K D V I S I O N  F t l i  D I F F U S I O N  THEOKY C K U S S  S E C T I O N S  
W R f T E  ( 0 9 1 2 1 3  
DO 1105 N Z l r N M A T  
C A L L  XCHANG ( ( 2 1 9  C 1 
W R I T E  (69 101) 
W R I T E  I 6 9  122) 
J T=O 
UO LlbO N Z l r N M A T  
W R I T E (  69105) N 
UO 1 1 5 5  I & = l v N G  
K 1= I NO EX 
K 2 = I l u O t X  ( N T Y P  S I I G ~ N T Y P S )  
K 1= I N 3  EX 
K 2= I N 0  EX 
( N T Y  P S 9 I G 9 A 1 
( N T  Y NG t N I K l  
L N TY NG r N  * K 2  ) 
I F ( J T . E Q . 0 )  GU Tl) 1156 
K l = K L + N P O C  S 
K L = K Z  +NPOC S 
G U N  TIN UE 
lF(KAPKOX. tJ .Z .AND,  JT.EQ.0) G O  TO 1160 
I f I H 1 . E O . O . O )  GO TO 1160 
W R I T E (  t9102) 
I S T = I A  
I S P = I  S T + N G - l  
I I S T = N G * N M A T + I  S f  
I I S P = I I S T + N G - l  
W R I T E ( t , l l J )  ( C ( K )  t K = K l t K Z )  
44 
N R I  TE ( 6 s  L 03) 
I F (  H2 *Nk 0.0 1 WRI TE (6,104) 
( G  ( 1 G )  s I G = I  S T t I  S P  1 
I C  ( I  G I t  IG=I 1ST 9 I I S  P 1 
1160 W R I T E  ( 6 9 1 0 1 )  
IF (kUPWX.L t .1 -UK.JT .EU.1 )  G O  TO 1161 
LlRI TE( 6, 130) 
J T = 1  







S I B F T C  P E R 4  
SULIKOUTIYE XCHANG I C l ,  C ) 
c 
C P K U V I S I U N  FOk U I F F U S I O h i  THEURY C K O S S  S E C T I O N S  
r 
L 
1400 R E T U R N  
t N  0 
S I B E T C  P t K 5  D C C  K 
5 U t ) R U  U T I N  E I d A C A V  ( NK s N L  NZONRA t NZUNZ A * NM I C), NMR A t  NMZ A *  I DM t ID 
l M A ?  
C 










T H t  D I M t N  S I O N  S T A T E M E N T S  
D LMEN 5 ION NMRA (1) t N M L A ( 1 )  I D M (  1) 
M A T L H G  MUST C U N T A I N  N M l D  L O C A T I O N S  
D I M E N  S 10'4 IDMAP(1) t MATCHG(25 , )  
THE F J R M A  r S T A T t d E N T S  
110 FORMAT (7110) 
1 1 5  FORMAT ( 1 4 1 5 )  
116 FORMAT ( 4 3 1 3 )  
120 FORMAT ( L t i I ~ l l H M A P  M A I I t J ) )  
121 F l I K ~ A T ( l i L * 3 9 H M A P  N A (  I I J )  W I T H  ONLY PERTURBED E N T R I E S  1 
127 F O k M A T t  l t i K i 3 7 H T H t  N O N - L E ~ O  M A T E R I A L S  ARE PERTURBED / 2 4 1 5 )  
126 FORMAT t 141 5 )  
45 
L 
c THE F U N C T I O N  STATtMEfYTS 
G 
C 
I N O E X { L E N G T H I  I N D E X D r I N D t X L J = L E N G T H ~ ( I N D E ~ O - l  J + I N D E X L  
N I J = N R * N L  
NR I TE ( 6,127) [ MATCHI;( I 1 9 I = I  9 NMIL) I 
READ(  5,126) ( M A  TGrlG( I )  I i = 1  r N M I D )  
1000 AEAD 4 S t 1 1 0 )  ( N M R A ( I )  1 I = l r N L O N R A )  
I F  ( N L O N L A )  1 0 0 5 1  10059 1010 
1005 N L O N Z A = l  
NMZA(  1 ) = 1  
GO TO 1025 




DO 105C J J = L , N L O N L A  
R E A D  ( 5 ,115)  ( I D M (  I I )  9 I I = 1  (NLONRA)  
K =K +NM .?AI  J J I 
I =o 
UO 1 0 4 5  I I = l , N L U N R A  
L = N M R A ( I I  1 
DO 1 0 3 5  i t K = l r L  
I = I  + 1  
I J = I N D f X (  NKv J 9 1  ) 
1030 J =J +1  
1035 IDMAP ( I J  I = I O M  ( I  I ) 
1045 CiJNTINLE 
1050 LONTi i \1UE 
1F ( J - K I  1 0 3 0 ~ 1 0 5 0 r 1 0 5 0  
C 
1 0 7 5  LJRITE (61120) 
JDUZ=O 
C JDDG=O AEGULAR MAP W I T H  N M I D  M A T E R I A L S  
C JDUG= 1 MAP W I  TH N.MAT PEKTUKBED MATER1 ALS 
1076  DO 1080 J = l r N L  
K = I N D ~ X ( ’ ~ R , J I  1 )  
L = I N D E  X (  ’4 R J NR I 
1 0 8 0  W R i T t  ( 6 1  A161 ( I U M A P l  I J) I J = K * L )  
I F ( J U O G , t Q , l )  GO TU 1100 
r (KK=IOMAP ( I K )  
1200 IUMAP ( I K  J =MA TCHGi  K K K I  
J D O G = l  
GO TU 1076 
DO 1 L L ) C  I K = l r N I J  





A l O C  RETURN 
r t 
t N  D 
46 
S Z B F T C  P E R 6 1  






G THE D I M E N S I O N  S T A T E M E N T S  
C 
C T H E  F O R M A T  STATErMENTS 
I) I M E N  S 101 NMK( 1 )  9 K M I  ( 1 )  T S V ( 1 )  
118 F O a M A T  
119 F U K M A T  ( l H L * 5 1 H T U O  MANY V A L U t S  F C R  S U B S C R I P T E D  VARIABLE S J  READ . I \  
1 )  
( I 5 , E  IO. 6 ,  I 5 , E  10.6 * I 5  9 t 10- 6 v I5 rE10-6 r 15 r E l 0  -6) 
C 
C 
l 0 O C  L = O  
1005 R E A U  ( 5 9 1  18) ( N M K (  I )  r R M l  ( I j I = 1 , 5 )  
1010 I F  ( N M K ( I  1 j L 0 5 0 r 1 0 5 0 ~ 1 0 1 5  
K t N D = O  
I =  1 
1 0 1 5  L l = L + 1  
L =L +NHK( I ) 
I f -  ( L - N I J I  1025r1025rLOLO 
1020 kuK I T t  (6, 119) 
K E N D = 1  
GU TO 1100 
I TEMP L=L+ i J G S  
1025 I T t M P  L = L l + I J G S  
DU 1 0 3 0  I J G = I T I i M P l r I T k M P L  
1030 S V (  I J G  ) = R M I  l I )  
I F  ( L - N I J  1 1035rLL00~1100 
1035 1 F  ( 1 - 5 )  1040~1005r1005 
1040 I = I + l  
GU TO 1010 
1 0 5 0  I F  ( L - N I J )  1055r1100r1100 
1055 I F  ( L )  1060~1060,1065 
1060 I T E M P  L = I J ( ; S + 1  
GO TU 1070 
1065  I T E M P  1 = I T E M P 2 + 1  
1070 I T E M P L = I J G S + N I J  
1075 S V (  I JG)=O.O 





1100 K E T U R N  
EN u 
47 
S I S F T C  P t R 6  
NTYPS 9 
N I J I  






c THE COE-IMUN STATEMENTS 
COMMON / C A L L 1  / NG v 
1 NTYNGq NFkST9 NUP t NR * NL * 
2 K F L U X ,  K B k F f ,  K C T Y P I  K I  NI 
3 KP T K S  9 KAK,  KO T 
4 K A P K L l X , N M A T * N M I D  9Ni)SP 9 I G H I  I C ; L O * X I K  r X I Z  
C 
c THE U I M E N S I O N  STATEMENTS 
D I M E N S l i l N  N M l l ) r  V ( L 1 ,  RM(1)t X J ( l l r  X J A (  1)  
0 IM t J V  5 1uv X N I 1 ) r  X N A I 1 )  p YJ(J.1 9 Y J A ( 1 )  
C 
C THE FOKMA I STATEMENTS 
115 k U K M A T  ( 8 E L 6 . 7 1  
116 FO&MAT ( 4 H  IG=rI3) 
1 1 7  F 3 2 M A T  ( 4 H  J = r I 3 )  
120 FORMAT ( 1 H L , 1 8 H T H E  F L U X E S  X N ( I , J ) I  
121  FUKMAT ( lHLv27HT! iE  A D J O I N T  F L U X E S  X N A I I  r J )  
122 F L J R M A T L l H L , 3 6 H T H E  F I R S T  O I K E C T I O N  CURRENTS X J (  I r J )  I 
123 F O R M A T ( l t I L ~ 4 5 H T H E  F I R S T  L J I R E C T I O N  A D J O I N T  CURRENTS X J A (  I r J  1 I 
124 F O K M A T ( 1 4 L 9 3 7 H T H E  SEZOND D I R E C T I O N  CURRENTS Y J (  I p J )  I 
1 2 5  F O R M A T ( 1 H L r 4 6 H T H E  SECOND D I R E C T I O N  A D J O I N T  CURRENTS Y J A l  1 1  J ) )  
C 
C THE F U N C T I O N  S T A T E W N T S  
I ND EX ( LEV G T H  I NDE XO 9 1 N DE X L I =L ENG TH* ( I Nl lE  X 0-1 ) + I N UEX L 
r 
c READ I N  THE REGULAR THEN THE A D J O I N T  11 F L U X  2 )  F I R S T  D I R E C T I O N  
C C U R K t N T  3 )  SECOND D L K t C T I O N  CURRENT 
C 
I f ( K B t F F * E 4 . 0 )  GO TO 190 
C A L L  A E E D  [ XNA t 
KK I TE= 2 
GO TO 1106 
190 C A L L  K E E D i X N )  
C A L L  REED (XNA 
C A L L  REED ( X J )  
C A L L  R E E D  ( X J A  1 
N I T = N I J + N G  
00 200 J = l * N I T  
Y J (  J )=XJ(  J )  
200 Y J A ( J ) = X J A ( J )  
I F ( N Z . L E . 1 1  G O  TO 1100 
C A L L  KtEO ( Y J )  
C A L L  K E E D I Y J A )  
I F ( K A P R O X - E Q o 0 )  GO TU 1100 
C 
C 
1100 1 F  (L I S T F  X I  120U,1200~A104 
1105 W K I  TE (61 1201 
1104 K R I T E = l  
GO TO 1300 
1106 WR I Tk ( t r  121) 
1 1 0 7  WRITE ( 6 , 1 2 2 )  
GU TO 1300 
GO TO 130'0 
GO TO 1300 
1109 h R I  T €  ( 69 124) 
GO TO 1300 
L I 1  1 WK I TE ( 6 9  12 5) 
1300 00 l l l C  I G = l r N G  
W R I r k  (6,116) I G  
00 1110 J = l r N Z  
L l K I T E  (6r117) J 
K 1= I N 0  EX I NK 9 J p 1) 
K Z = I N D t X ( N K ,  J,NR) 
K L = I N l ) t X (  N I J v  I G , I < l )  
K 2 = I N L ) E X (  N I  J r I I; 9 KZ) 
GU TO ~ 1 2 0 1 ~ 1 Z 0 2 r 1 2 0 3 ~ 1 L 0 4 ~ 1 2 ~ 5 ~ 1 ~ 0 6 ~  1 K K I T E  
1108 WRI r E (  6 ,  123) 
L201 W R I  FE( 69115) ( X N  ( I  J I  ,I J = K L  r K Z )  
GO TO 1110 
GO TO 1110 
GU TO 1110 
GO TU 1110 
Gi l  TO 1110 
1202 i.rR 1 T t  6 9  1 1 5 )  ( XNA ( I J) 9 1 J =KL t K 2  1 
1 2 0 3  b - J K I T E ( 6 , 1 1 5 )  ( X J  ( I J )  , I J = K l , K L )  
1204 WK I TE  ( 69115) ( X  JA ( 1 J) 9 I J = K l  r K Z )  
1 2 0 5  N K I T E ( 6 r l l 5 )  ( Y J  ( I J )  r I J = K l r K Z )  
12C6 W R L T E ( 6 9 1 1 5 )  ( Y J A ( 1  J) , I J = K L r K Z )  
1110 CONTINUE 
K K I  T t = K R I  T E + l  
I F ( K A P K O X . E Q , O )  GO TU 1200  
I F ( K K I T E . E i 1 * 2 )  GO TO 1106 
I F ( K K I T t . k Q o 3 )  GU TO 1107 
I F ( K K I T E . E Q * 4 )  GO TO 1108 
I F ( N L . L i . 1 )  GO TO 1200 
I f ( K K I T E . E Q . 5 )  G 3  TU llOY 




















SUBROUTINE K E E D ( X Y L )  
COMMON / C A L L  1 / NG t 
1 N T Y N G t  N F A S T t  NUP a NR t NZ t 
3 K P  t K S  I KAK I KD t 
2 K F L U X ,  K B E F F  t KCTY P I  K I  N t  
4 K A P R f l X r N  MAT, N M I D  I NDSP t IGHI  9 I GLO r X  LK I X I Z  
D I M E N  S I O N  X Y L  ( 11 
F 3 i M A T ( 7 E 1 0 . 6 )  
I N D  EX ( LENGTH I NDf XO 9 I NDE X L)  =LENGTH* f I NDE XO-1) + I N D E X  L 
GO TO (200t200r160r150) t K F L U X  
DO l O O C  I G = l t N G  
K 1 5  I N D E X (  N I  J t I G t 1 J 
K Z = I N D E X ( N I J I I G ~ N I J )  
C A L L  B C K E A D ( X Y L ( K 1 J  I X Y L ( K Z )  j 
DO 2 O O C  i G = A r N G  
K l = I N L ) k X (  N I J ,  IG t 1 )  
K Z = I N O E X (  N I J t  I G t N I J I  
R E A D (  5 1 1 0 0 1  ( X Y L t I  ) r I = K l  s K 2 )  
RETURN 
K 1=0 
R E T  UR IN 
DO 3OOC i t i ; = A t N G  
CALL 
I F ( K t N D )  3 0 0 0 1 3 0 0 0 ~ 1 7 0 0  
K EAD I T (  NM r K M  r K 1  r N I  J v X Y Z t  KENDJ 
K l = K l * N I J  
R E  TURN 
EN I> 
NTYPS * 
N I J t  






C THE CclMMiJN S T A T E M t N T S  
COMMON / C A L L 1  / NG I 
1 NTYNG, N F A S T v  NUP p NR I NZ t 
2 KFLc lX  r KBEFF t KCTY P I K I  Nc 
3 KP t K S  r KAR t KD r 
4 KAPKO XqNMATt N M I O  (NDSP 9 I G H I  9 I G L O t X I R  t X I Z  
COYMOrJ / C A L L Z /  P A P  
C 
C THE 0 I M E N S I O N  STATEMENTS 
D I M k N S  ION N M ( 1  J t R M ( 1 )  
D IMEN S ION 
D IMENS ION F ( 1 ) t  F A ( 1 )  
V (  11 
NTYPS 7 
N I J t  
50 
C 
C THE FORMAT STATEMENTS 
112 FORMAT (7E l0 .6 )  
1 1 5  FORMAT (8E16.7)  
117 FORMAT ( 4 H  J = r I 3 1  
120 FDKMAT ( l H L , 2 4 H T H E  POWER D E N S I T Y  F (  I ,J) 1 
1 2 1  fO i3MAT ( 1 t i L , 3 3 H T H E  A D J O I N T  POWER D t N S I T Y  F A ( 1 r J ) )  
150 F O K M A T  ( l H L , J Z H A O J O I N T  PUWER T I M E S  POWER E U U A L S , E 1 6 - 8 1  
r L 
C THE FUNCTION S T A T E M E N T S  




1000 i f  ( K P A P J  1 0 1 5 r l C l O , l 1 5 0  
1 0 1 5  DO 1 0 1 6  I I = l , N I J  
1016 F A (  I 1  l = f  ( I 1  
C 
1010 C W L  8 C K t A D  ( F  (1) r f  I N 1  J l )  
LF(KPAP.GE.Ol GO TO 1018 
I F  ( FA I JJ ) .Nt . 0.01 F I J J) =FA ( J J 1 DO 1 0 1 7  J J = l t N I J  
1017 C O N T I N b E  




1100 i f  ( L I S T F X )  1 1 2 5 r l 1 2 5 ~ 1 1 0 5  
1105 W R I T E  (6, 1201 
DO 1 1 1 0  J = l r N Z  
WRITE (6,117) J 
K l = l N  0 E X (  NR 9 J 9 1 )  
K 2 = I N D E X ( N R v  J V N R I  
1110 W i i I  TE (6 .115)  (F  ( I J I  9 I J = K L  r K 2 )  
WRITE (6, 121) 
DO 1 1 1 5  J = l r N i !  
W R I T E  ( 6 , 1 1 7 )  J 
K l= I N 3  E X (  NK , J 
K L =  I N L ) t X (  NK t J 9 N K I  
1 1 
1115 NJKITt  (6,115) ( F A ( I J )  , I J = K l * K L )  
C 
C 
1 1 2 5  PAP=O.C 
1130 PAP=PAP+F ( I J l * f A [  I J J * V (  I J )  
DO 1 1 3 C  1 J = l r N I J  
GO TU 1 1 7 5  
C 
L 











dII3FTC P t K 8  
S U B K O J T I ’ 4 E  P t R T U K  ( MA, V I  D E L K ,  D t L Z , C t C H I , X K E F F p X N v  XNA, F, 
1 P t  S ,  Ac K ,  L ) l r  D2 s XJ. X J A ,  Y J ,  YJA, T L l t  T L Z .  S L X )  
r 
L 
C TO COMPUTE P E R T U R B A T I O N  SOURCES AND LOSSES, 
THE COMMdN S T A l E M E N T S  
C O Y M U N  / C A L L  1 / 
1 NTYNb,  NFASTI  NUP 9 N u t  
2 KFLClX, KBEFF t K C T Y P T  
3 KP . K S  9 KAR 9 
4 K A P K d X , N M A T ~ N M I U r N D S P ,  I G H I  ~ I G L O I X ~ R I X I L  
CUMNON / C A L L 2 /  PAP 
c0k.1YUiJ / C A L L 3 1  K X T R A l  KXTRAZ v 
1 K X T K A b q  t X T R A I . 9  E X T R A Z r  E X T R A 3 r  
NTYPS 9 
N I J ,  
K X T  R A 3 r  K X T R A 4 r  
E X T R A 4 r  EXTRA5 
D I M E N S I U V  X J (  1) X J A ( 1 )  9 Y J ( L ) T  Y J A ( 1 )  T S l X ( 1 1  
C 
C THE F U N C T I O N  S T A T k M E N T S  
C 
I N D E X (  LENGTH,  I N D E X O t I N D E X L )  =LENGTH*( I N D E X O - 1 )  + I N D E X L  
c 
L 
101 F O K M A T ( 7 E L 0 . 6 1  
102 F O K M A T ( l H 1 , S H  THE , 1 2 9  40H D E L A Y E D  SPECTRA ARE (FROM ENERGY GROUP 
1912, 14H THKU ENERGY GROUP ,1295H ) a * * )  
103 FORMAT(  1 H K s l B H  D E L A Y E D  S P t C T K U M  912 v /  ( 7 E 1 8 . 7 3  1 
104 FORMAT(  71 10) 
I F ( K i j E F f . t U . 0 )  GO TO 1000 
N I T=N I JWJG 
X N A i  I J K ) = X N A ( I J K ) / X K E F f  
DO 9oa IJK=L,NIT 
900 C O N T I N L E  
DO 10C6 K J = l r N I  J 
C T H I S  PCtKTION OF Y J A  I S  USED T O  S T O R E  REGULAR PRODUCTION FOR 
c i 3 t T A  E F F E C T I V E  C A L C U L A T I O N  
1006 Y J A i K J  ) = F ( K J )  
Gil  TO 14CO 
1 O O C  DO 1 O C 5  I G = l * N G  
P (  1 G ) = O * O  
S (  I G J = C - O  
A (  I C ; ) = C - O  
R (  I G ) = C . O  
S L X ( i G ) = O * O  
52 
T L 1 (  I G ) = O - O  
T L Z (  IG )=O,O 
D l 1  IG )=O.O 
1005 021 I G  1 =0. 0 
N O W P l = C  
C 
C 
C THk F I S S A O N  P E R T U K i j A T I O N  SOURCE 
C 
I F  I K P )  l l O O ~ i l O O ~ l O L 0  
1010 DO 1025 I J = L v N I J  
1025 F I  1 J )  =C.O 
DO 105C l G = i r N G  
K 1= I N D E X (  N TYP S, IC; ( 2 )  
I J G z I N U E X  ( N I  J 9 I G  9 0 )  
DO 105C I J = l r N l J  
I J G = i  J G + 1  
K=MA( I J )  
I F  ( K  ) 10 501 1 0 5 0 1 1 0 3 0  
I TEMP = I N D E  X (  N TY NG 1 K r K L  ) 1030 
F I  I J  ) = F (  i J  ) + C (  I T E M P ) * X N ( I  J G )  
1050 C O N T I N U E  
C 
C 
DO 1 0 7 5  I L ; = l , N G  
I J C ; = I N D E X  ( N i  JI I G I  0 )  
00 107C I J = L , N I J  
1 J G = I  J G + l  
1070  P I  IG)=PIIG)+XNA(IJG)+F{IJ)+V(IJ) 
LO75 P (  IG)=-CHILIG)*P( I G ) / ( P A P * X K E F F )  
C 
c 





C NOrdPL=-Z P - 1  G R O S S  SEC TIONS**NL .  UT. 1 
(3 N U W P l =  0 U l F F U S I U i u  A P P K U X I M A T I  UN 
C N O w P l =  1 P - 0  TKANSPUKT COf iKECTEU C R O S S  SECT I O N S * * N Z - L E . l  
C N U w P 1 = 2  P - 0  TRANSPORT CORRECTED CROSS S E C T I O N S * * N Z  .GT - 1  
C 
C NONPL =-1 P - 1  C R O S S  S E C T 1  UNS**NL-  LE01 
1100 I F  ( K S )  1350~1350r1105 
1 1 0 5  I F  ( N G - 1 )  1350~1350r1110 
1110  DO 133C I G = l r N G  
KSET=A 
DO 1 1 1 5  I J = L s N I J  
1 1 1 5  F (  i J J = C . O  
13 UP S C A T T E R I N G  
C 
I F  ( N  UP j 12009 1200s 1125 
1125 I f  t IC ; -NFAST)  1200r1130r1130 
1130 I F  ( I G - N S I  1135~1200r1200 
1135 K S E T = 2  
53 
IGG=II; 
I TY =N UP+5 
1140 I G G = I G G + l  
I T Y = I T Y - 1  
K l = I N D E X (  N T Y P S t  I G r  I TY 1 
I J G z I N D E X  ( N I  J , I  GG 9 0 )  
C I J G  IS THE GKOUP SCATTERED FROM 
I J T = I N U E X  ( N I  J t  I G ,  0) 
DO 115C I J = l r N I J  
I J G = I  JG+l  
K=MA( I J)  
IF ( K  1 1150r1150r1145 
I T E M P =  INOE XL N TYNG r K t K  1 1 1 145 
F(  I J ) = F ( I J ) + C ( I T f M P ) * X N ( I  J G )  
I F ( N U d P l . G E . 0 )  GO TO 1150 
1J T = I  J T+A 
JMPU=NTYNG*NMAT+I  TEMP 
I F ( NU &P A. kQ.- 1 ) 
I f  ( N0APl.tiiJ.-2) 
F 
F (  I J ) = F  ( f J ) + C  ( J M P U )  * 
I J) =F ( I J 1 +C ( JMPU) *X J ( I J G )  
l t X J ( I J G ) ~ X J A ( I J T ) + Y J ( I  J G ) * Y J A ( I  J T ) )  
1150 CON T I N  UE 
I F  (IGG-NG) 1 1 5 5 ~ 1 2 0 0 r b 2 0 0  
1155 IF ( I T Y - 5 )  A200r1200r1140 
C 
C OUWN SCAT TEK I N G  
C 
1200 C O N T I N U E  
1205 KSET=2 
I F (  I G - L E .  1) GO TO 1275 
IGG=O 
I TY =( N W+ 4 )  + I G  
1210  I G G = I G G + l  
I T Y = I  T Y - 1  
I F  ( N T Y P S - I T Y )  1 2 1 0 t 1 2 1 5 r l Z 1 5  
I J G = I  MOEX ( N  I J 9 I G G  r 0) 
I J T = I N D k X ( N l J ,  IG.0) 
DO 125C I J Z l r N I J  
1 2 1 5  K l = I N O E X (  N T Y P S r  I G r I T Y )  
I J G = I  J G + 1  
I J T = I  J T + l  
K=MA( I J 1 
I F  ( K  1 1 2 5 0 r 1 2 5 0 r l L 4 5  
1245 I T E M P = I N d E X ( N T Y N G r K r K l )  
I F ( N O d P 1 . L T - 0 )  GO TO 1246 
F( IJ 1 =F( I J ) + C  ( I T E M P ) * X N (  I JG)  
GO TO 1250 
I P ( N O d P l . E ~ . - l )  F ( I J ) = F ( I J I + C ( J M P D ) ~ X J ( I J G )  
I F (  N i l  WPI. EU.- 2) 
1246 JMPD=N IYNG*NMAT+I  TkMP 
f ( I J 1 = F  ( I J )  + C  ( JMPO b * 
l ( X J I ~ J t i ) + X J A ( I J T ) + Y J I I J G ) * Y J A ( I J T )  1 
1250 CON T I N  UE 




1275 If(KSE7,EUIl)  GO TO 1300 
54 
1280 I J G = I N U E X ( N I J , I G , O )  
C I J G  I S  THE GROUP SCATTERED TO 
I F (  NU NP 1+ 1) 
1281 DO 1285 I J = L , N I J  
12 83 e 12 82 I 1281 
I J G = I  J G + 1  
S (  I G ) = S I I G ) + X N A L I J G ) * f  ( I  J ) * V (  I J )  
GO TO 1301 
I J G=I J G+1 
1286 S l X t  I G ) = S l X (  I G ) + X J A ( I J G ) * F  ( I  J ) * V ( I  J)  
GO TO 1301 
1287 S 1 X  ( I G ) = S  1 X (  IG 1 +F ( I J) * V (  I J) 
1285 C O N T I N L E  
1282 DO 12d6 I J = L r N I  J 
1283 DO 1 2 8 7  I J = l r N I J  
1301 I F ( K A P H 0 X o L E .  L.OR.NOWP1;LT.O) GO T O  1299 
I F 1  I G - N E o N G )  GO TO 1300 
N O W P l = - l  
GO TO 1 1 0 5  
I F ( N Z o G T o  1) NOWP1=-2 
1299 S (  IG)=-(S(IGI- S l X ( I G ) J / P A P  
1300 CUNTIAC iE  
C TDSN USES P - 1  C S  W I T H  A F A C T O R  OF 3 I N C L U D E D  
C 
L 
C A B S U K P T I U N  *** 
C SCA P T  EH I N  G ( R E  MU V A L  1 *** PERTURBAT I O N  
C L E A K A G E  ( T R A N S V E K S t )  *** 
C L E A K A G E (  T R A N S P U R T )  * t *  
C W I T H I N  GROUP SCATTER1 NG*** 
C 
C 
L O S S E S  
1350  IF ( K A R I  140011400r1355 
1355  DO 1 3 d C  I G = l r N G  
K l = I N D E X (  N T Y P  S p I G  r l )  
I J G = I N D E X ( N l  JI 1 G n O )  
DO 1375 I J = L r N I J  
I J G = I  J G + 1  
K=MA( I J )  
I F  ( K  1 1375r137511370 
L TEM=N TYNG*NMAT+NG* ( K - 1 )  + I G  
I F ( KA P HUX .E 0 . 2 J L TE M =  L T t  M+ N T Y NG *NMAT 
L L T t M = L T E M + N G * N M A T  
TEMP=XNA( I J G ) * X N ( I J G ) * V ( I  JJ 
IFIKAPKOX.EiJ.0) G O  TO 1371 
TEMPJ=3.*XJA(  I J G ) * X J (  I J G ) * V ( I  J) 
1370 I T k M P = I N D E X ( N  TYNG r K , K l )  
I F ( N L . L E . l J  GO TO 1374 
T E M P J = T E N f  J + 3 * * Y J A (  I J G ) * Y J ( I  JG)  * V ( I  JJ 
1374 C O N T I N L E  
I F  ( K A  PHOX ,EQ. 2) 
137 1 A ( I G )  =A(  I G 1 +TEMP*C ( I T E  MP J 
R (  IG)=R(IG)+TEMP*C(ITEMP+3) 
T EM B= TEMP 
IF(KAPROX.EU. 1) TEMB=TEMP-TEMPJ 






T L 2 (  A G ) = T L Z ( I G ) + f E M B * C  ( L L T E M )  
S IGGG=C( I TEMP+2 ) -CI  I TEMP) -G ( I  TEMP+3 1 
J T t M P =  I T E M P  + N  TYP S*NG*NMA T 
S I G G G = S I  GGG- ( C ( J T t  MP+3  
I F (  KAPROX .EQ. 1) 
I F ( K A P R U X . E d - 2 )  c ) 1 (  Z G ) = D l ( I Q ) - T E M P J * S E G G G  
/3 0 
D 1 ( I G 1 =D 14 I G  1 -TEMPJ*C { I TEMP+2 1 
D 1  I S  THE TKANSPOHT CROSS S E L T I O h  FOR KAPROX.EO-1 
D 1  IS THE J-WGT GTOG CROSS S k C T i O N  FOR KAPROX.EQ.2 
I F I K A P R O X . L E . 1 )  GO TO 1375 
024 I G t  = 1)2( I G ) + S l X (  I G )  
D1( IG)= D l ( I G ) / P A P  
U 2 (  I G  1 = D 2 (  IG 1 /PAP 
T L  l l  IG ) = T L l (  I G  ) /PAP 
TL2( I G  ) = T L 2 (  1 G )  /PAP 
A (  I G )  = A (  I G  ) / P A P  
1380 K( A G ) = K (  I G ; ) / P A P  
D Z  IS THE L E A K A G E  CROSS S E C T I O N  F O R  K A P R O X o E Q - 2  
D Z (  I G ) = D 2 (  A G ) - T t M P J * ( C  ( I T E M P + Z ) - ( C (  J T E M P + 3 ) / 3 . 0 )  1 





C N 3 T E  THE D E L A Y E D  NEUTRON I N F O R M A T I O N  I S  K E A D  I N T O  O T H E R  ARRAYS 
C ( S A N U  Y J A  b TO SAVE STORAGE 
C S (  A 1 C O N T A I N S  THE DELAYED NEUTRON F R A C T I O N  
140G I f ( K 8 E F F o E Q o O l  GO TO 1800 
R k A D (  S,LOL)(S(I ) r I = l , N D S P )  
I SP AN = ILL 0- I G H I + 1 
DO 171C I J K = l , N D S P  
L S T = I i V U E X ( I S P A N r I  J K q 1 1 +  N I J  
L S P = L S I + I S P A N - 1  
C T H I S  P O R T I O N  OF YJA C O N T A I N S  THE D E L A Y E D  SPECTRA 
1710 READ(  5 , 1 0 1 )  ( Y J A ( K ) , K = L S T , L S P )  
K K I T E I :  61102) N D S P v I G H I  rIGLO 
DO 1 7 2 C  I J K = l r N U S P  
L S T = I N U t X (  f S P A N r I  J K , l ) +  N I J  
L SP=L S T + I  SPAN- 1 
1 7 2 0  W K I T E ( C q L 0 3 )  I J K , ( Y J A ( K )  r K = L S T , L S P )  
C 
c C A L C U L A T E  THE IMPORTANCE OF THE D E L A Y E D  SPECTRA 
C 
N ST=N I J+NQ SP* I SPAN 
N S T = N S T + l  
DO 1 7 5 C  I D = L , N D S P  
Y J A ( N S T ) = O . O  
c T H I S  P O R T I O N  OF Y J A  C O N T A I N S  B E T A  
D 3  173C I J = L , N I J  
I G A = I  NDEX 4 I SP AN 
DO 1740 I G = I G H I  9 I G L O  
L O C X N Z  AND t X (  N i J q 4  G, I J b 
TEEM=O .O 
I G A = I  GA+N I J 
IO t 1) 
TEEM=TEEM +YJA ( I G A  ) *XNA ( L U C X N )  *S(IL) l  
56 
I 
1 7 4 0  I G A = I G A + l  
T t E M = T E E M + Y J A (  l J ) * V ( I  J )  
1730  Y J A  ( N  S T  )= Y J A  ( N S T  1 +TEEM 
Y J A  ( N  S 1 )  = YJA ( N S T J  /PAP 




S I B F T C  P E R 8 1  
SUBRU U T I N  E X h  9 X NA 9 01 , 02 9 T L 1 9  T L21 A ) 
CUMMON / C A L L l /  NG 9 NTYPS * 
D I F  LSE (MA 9 V 9L)E L R  9 DE L Z  7 C 
1 NTYNG, N F A S T t  NUP NK 9 NZ t N I J ,  
2 K F L U X t  K B E F F  K L T Y P I  K 1  Nc 
3 KP 9 K S  9 KAR KO t 
4 KAPRUX, NMAT, N M l D  rNOSP e I G H I  I G L O I X I  RI X I Z  
COMMON / C A L L 2 /  P A P  
D I M E N S I O N  M A I A ) ~ V ( L ) ~ U ~ L K ( A ) , D E L ~ ( l ~ ~ C ( l ~  r X N ( l ) r X N A ( l ) r D 1 (  1 ) ,02(  1 )  
D I M t N S I O N  T L l ( 1 )  r T L 2 ( l ) r A ( 1 )  
I N D E X  ( LENGTH, I NDE XO 9 1  N D k X L J  =LENGTH*(  I NOEXO-1) + I NOEXL 
G 
C 
C THE D I F F U S I O N  P E K T U K d A T I O N  L O S S  
r 
L 
1 0 4  FUKMA T ( 7 1  10) 
105 F d I M A T 4 1 d K , 6 9 H  dOUNUAKY C U N D I T f C N S  FOR R I G H T 9  L E F T ,  TOP, AND €3011 
1 0 M  B !JUNDAKIES ** , 4 1 2 )  
1 4 0 5  DO 1595 I G = l , N G  
K 1 =  INOEXL NTYP S ,  I G I  3 )  
I F (  IG -NE.A-OK.KU-NE. - l )  GO TO 1409 
K €AD(  5 9 LO 4 ) 
WR I TE I t r  1 0 5 )  
KR&C , KLBC 1 K TdC 9 Kt) BC 
KKBC 9 KLBC 9 KTBC 9 KBBC 
L 
C F O R  THE F I R S T  D I R E C T I O N  (MUST SE A T  L E A S T  THREE MESH I N T E R V A L S )  
C THREE P O I N T  VANDEKMUN3E S O L U T I O N  FOK F L U X  D E R I V A T I V E  
C THE D I F F E R t N C E  I N  G R A D I E N T  ACROSS P A R A L L E L  F A C E S  Of A MESH 
C I N T E R V A L  I S  U S t D  A S  T H E  N E T  G R A D I E N T  O F  THE I N T E R V A L  
C 
1 4 0 9  X I = X I i l  
DO 149C l = l r N K  
I F [  1 t E Q - l )  U X I = 2 . + X I  
I F  ( 1 - 1 )  1 4 1 0 * 1 4 1 0 ~ 1 4 1 5  
1410 I l = I + l  
1 4 1 5  I l = I -  1 
GO TO A420 
D X I = Z . * D t L R (  I l ) - O X I  
I F  ( 1 - N R )  L 4 2 0 9 1 4 2 5 r 1 4 2 5  
1420 D E L  l = D E L R  ( 1 ) +DELR L I 1  I 
0 t L  2=d ELK 1 I I *DE LR ( I 1 J 
U E L 3 = D E L l * D E L Z  
57 
L 
1425 DO 149C J = l r N Z  
I J = I N D E X (  N K t J  I ) 
K=MA( I J )  
I F  (K 1 1490r149Cr1430 
I TEMP = I ND E X ( N T Y NG K 9 K l  I 
I J  G=XNDEX ( N  I J I G 1 J 1 
I F  (1-1) 1435,143511440 
1 430 
1435 I J G 4 = 1  J G  
I J G S = I  J G + 1  
I J G 6 = 1 J G + 2  
GU TO 1475 
1445 I J G  4=I JG- 1 
I J G  5= I JG 
1 J Gb= 1 JG+ 1 
GO TO 1475 
1450 I J G 4 = I  JG- 2 
I J G 5 = 1  JG- 1 
IJG6=1 JG 
1440 I F  I - N K )  1445r1450,1450 
t 
1475 I 2 = I  
I F (  I - E U - N R )  12=1-1 
I F (  l.NE.l,ANU,I,NE.NRI G O  TO 1485 
I F ( K D o G E o O 1  GO TO 1485 
i f  ( 1 2 0 N E o  1 o L I K - K L B G - E Q . 0 )  GO TO 1479 
S I G N =  1 0 
NONE= I J G 4  
N THO= I J G 5  
GO TO 1480 
1479 IF(KR~C.EQ,O) GO ro 1480 
S I G N = -  1- 0 
N U N E = I  J G 5  
NTWO=I  J G 6  
1480 DENOM =SI \ ;N*DELK ( l Z ) *  I U X I + D t L R ( I  2 )  1 
A 2 = (  XN ( NT NO 1 - XN (NONE) ) /DE NOM 
A 2 A = (  X N A l  NTWO ) -XNA(NONE)  /DENOM 
U t L P =  2 .*S I \ ;N*A2*D X I  
GO TO 1486 
DEL P = 2  ,*( DELR ( 12 )  *XN ( 1  J G 6 )  -DE L1 * X N (  I JG5 1 + D € L R (  12-1 ) *XN( I J G 6  ) ) * O X  I / 
D E L P A = 2 - *  S I G N * A Z A * D X I  
1485 i f (  1.EQ.l) i 2 = I + 1  
lDEL  3 
1 D X I / D E L 3  
D E L P A = 2 - *  IDELR(X2)*XNAIIJG4)-DELl*XNA~iJG5)+DELR( I Z - l J * X N A (  J J G 6 ) ) *  
1486 Dl( I G ) = D L (  I G ) - D k L P A * C ( I  T E M P ) * D E L P * V ( I  J )  
N GM=NG*NMA T 
L TEM=N lYVZ*NMAT+NG*  ( K - 1  1 + I G  
LLTEM=LTEM+NGM 
LLL =L T EM+ 2*NGM 
C B U G K L  I N G  L O S S  - F L U X  G R A D I E N T  C O N T R I B U T I O N  
C LLL I S  L 3 C A T I O N  OF F I G K , S  LAW CURRENT FACTOR 1/(3*(SIGTR**Z)) 
C L T E M  AND L L T E M  ARE L O C A T I O N S  OF THE W G K L I N G  L O S S  CROSS S E C T i 3 N S  
T L  l (  I G )=TL  1( I G )-C ( LTE M )  *DE LP*DE L P A * C (  LLL) * V (  I J I /  PAP 
T L  2( I cj ) = T L 2  ( I G 1 -C ( L L T E  MI *D t L P  *DE LPA*C ( L C L  J *V ( I J ) / P AP 
I TM 1= I TEMP-2 
A ( I G =A( I G 1-C ( I TM 1 1 *UELP*DE L P  A*C (LLL) + V (  I J J / P A P  
IF(KAA.NE,Z) GO ro 1490 
58 
C 
1490 C O N T I N L E  
D l (  I G ) = D l ( I G ) / P A P  
C SEE EQ. 32 I N  k R I T E U P  
C 
C FOX THE SECUND D I R E C T I O N  ( M U S T  B E  E I T H E R  ONE OR THREE OR MORE MESH 
C I N T E R V A L S )  THREE P O I N T  VANDtKMOiWE S O L U T I O N  FOR FLJX D E R I V A T I V E  
C THE D I F F E R E N C E  I N  G R A D I E N T  ACROSS P A R A L L E L  F A C E S  OF A MESH 
C I N T E R V A L  IS USED A S  THE N E T  G R A D I E N T  OF THE I N T E R V A L  
C 
I F I N Z * L E *  1) GO TO 15Y5 
X I  I = X I L  
I F (  J.Ed.1) D X I I = 2 - * X I I  
I F  (J-1) 1505,1505r1510 
1 5 0 0  DO 159C J = l * N Z  
L 5 0 5  J l = J + l  
1510  J l = J - 1  
GO TO 1515 
D X I  I=Z.*L)ELZ( J l j - D X I  I 
I F  [ J - N Z )  1515r152591525  
1 5 1 5  D E L  l = D E L L (  J ) + D t L Z I  J1) 
D tL 2=3 ELZ ( J ) + D e  LL ( J 1 ) 
DEL  3=DEL 1 * D E L 2  
1525 I J = I N I ) E X (  NK9 J 9 0) 
I J G = I  NDEX ( N i  J 9 I G 
DO 1 5 9 C  I = l , N R  
I J 
I J = I J + l  
I J G = I  J G+ 1 
K=MA(  I J )  
I F  ( K  1 15909 159091530 
1530 I T E M P = I N D E X ( N T Y N G r K * K l  1 
I F  (J-1) 1 5 3 5 r L 5 3 5 ~ 1 5 4 0  
1 5 3 5  I J G 4 = I  JG 
I J G 5= I JG+NK 
I J G 6 = I  JG5+NR 
GO TO 1 5 7 5  
1540 I F  ( J - N L )  1 5 4 5 , 1 5 5 C r 1 5 5 0  
1 5 4 5  1J1;4=I JG-NK 
I J G 5 = I  J G  
I J G  6= I JG+NK 
GO TU 1575 
1 5 5 0  I J G 5 = I  JG-NR 
I J G 4 = I  JG5-NK 
I J G 6 = I  JG 
C 
1 5 7 5  J2=J 
I F ( J . E Q - N L )  J2=J- l  
I F I J o N E o l o A N U o J o N E o N L )  GO T O  1585 
I F ( K D . G E . O )  GU ru 1 5 8 5  
I F (  J2.NE. l ~ O K * K i 5 i j C . E O o  0 b GO T O  1579 
S IGN=loO 
NONE= I J G 4  
N TWO= I J G 5  
GO TO 1 5 8 0  
1 5 7 9  I F ( K T B C * E Q . O )  GO Ti) 1 5 8 0  
S IGN=-  1.0 
N O N t = I J G 5  
NTWO=I  JG6 
59 
1580 U t N ~ M = S I C N * D t L Z ( J 2 ) * ( D X I I + D E L Z (  J21 ) 
A 2 = i  XN ( N T k O I - X N ( N O N E )  I /DE NOM 
A Z A = (  X N A ( h T w O ) - X N A ( N U N E ) )  /DENCM 
D E L  P= 2 .*S l G N * A 2 * 0  X I  f 
DEL PA = 2 .+ S I G N  + A Z A * U X I  I 
GO TO 1586 
D E L P = 2  .* ( D E L Z  ( 3 2 )  * X N  ( I J G 4  )-UE L L  * XN ( I JG5 l + D E L Z  ( J2-1  I *XN ( I J G 6  ) 1 *DX I I 1585 I F t J - E Q . 1 )  J2=J+1 
1 / D t L 3  
LOX1 I / D E L 3  
D E L P A = 2 * *  1 D E L Z  ( J2 J +XNA I I JG4 I - D E L l * X N A (  I J G 5  ) + D E L Z I  J2-1) *XNA ( I J G 6  1 )*  
15116 02( I G l = D 2 ( I G ) - O E L P A + C ( I  T E H P ) * D E L P * V t I  J)  
L T t  M=N TYN G*NMA T+NG* ( K - 1  1 + I G  
LLL =L l'EM+Z*NGM 
T L  1(  IG ) = T L 1 (  I G I -C ( L T E M )  * U E L P * D E L P A * C ( L L L )  * V (  I J ) / P A P  
I F ( K A R . N E . 2 1  G O  T O  1 5 9 0  
1 TM L= I TEM P - L  
A (  I G ) = A (  I G ) - C (  I T M l ) * D ~ L P * D E L P A * C ( L L L ) * V o / P A P  
1590 C U N T I N L E  
D 2 l  I G  ) =DZ( I G  I /PAP 
G 
1595 C O N T I N L E  
K k T U R N  
END 
$1Bf TC P E R 9  






I; THE COMMON STATEMENTS 
COMMUN / C A L L  1/ 
1 NTYNG, NFASTI  NUP T NR 9 
2 K F L U X ,  KBEFF 9 KCTYP,  
3 KP r K S  e KARI 
4 KAPROXPN MAT, N M I D  *NUSP 9 I G H I  9 1 G L O  t X  I R r  X I Z  
COMMON / C A L L Z /  P A P  
C OM MO ;I / C A L L 3 /  K X T K A l  9 K X T R A 2  
1 K X T R A 5 r  E X T R A 1 9  E X T R A 2 9  E X T R A 3 1  
C 
C THE D I M E N S I O N  S T A T t M E N T S  
D [MEN S ION P ( 1 )  * S ( 1 1 *  
i T L l ( l ) * T L Z ( L I *  R ( l 1 r  Dl ( 1  I * 
NG t NTYPS r 
NZ9 N I J t  
K I  Np 
KO r 
K X T R A 3 r  K X T R A 4 r  
EXTRA49  EXTRAS 
C THE FORMAT STATErMENTS 
100 F O R M A T ( l H 1 )  
101 FORMAT(AHKILSH DELAYED SPECTRUM NUMBER 9 I 2 1 2 1 H  ***+ SPECTRAL SUM = 
1 r F 1 0 * 7 / 4 Z X * 7 H B E T A  = r F 1 0 ~ 7 / 3 7 X , 1 2 i B E T A ( E F F )  = r F 1 0 - 7 )  
1 1 3  FORMAT ( 7 E 1 6 . 7 1  
60 
114 F O R M A T (  l H L t 3 8 H U N P t R T U K B E d  M U L T I  P L I C  A T 1  ON F A C T O R  ****, F12-8 /  
139H PERTURdELI  M U L T I P L I C A T I O N  F A C T O R  ****,F12.8) 
15x9 lOI4LEAKAGE 1 9 6 x 9  l O H L E A K A G E  2J 
11 5 F OKMA T L 1H K 9 4X 9 1 OH JRA N 5 VI5 K SE 9 6  X 9 1 OH TR A N  SVE KSE 9 5 6 X  t 6 HGKOU P / 
116 F U R M A T 1 2 € 1 6 o 7 , 4 8 X 1 E l 6 . 7 )  
120 F O K M A T ( 4 4 X ~ 2 3 H D I f F U S I O N  A P P R C J X I M A T I O N / / 5 X ,  
119 F O K M A T ( 3 5 X 1 4 1 H (  ( l / K E F F  P t K T U K B € O ) - ( l / K E F f  U N P E K T U R B k D )  ) 1 
11 1H 
216H D I F F -  COEFF. 1 9 l 6 H  L ) l F F o  COEFF. 2 1 
P R  ODUC T I  ON , 5 X L OH S C A T T E R  I NG ,6 X v 10 H Ads ORPT I ON, 6 X  t 7 H K  EMOV AL 9 5 X  9 
121 FORMAT ( l I i J 9 1 4 H  GROUP TUTALS)  
122 f UKMAT L 3 7 X  9 3  7 H T R A N  SIJOR T C O K K E C T E D  P-0  APPROX I MAT I O N / /  5 X  v 
11 1H 
29HTRANSPUKT9 18H D I F f o  C O E f F o  2 ) 
PKODUC T I D N  9 5 X  9 1 Od SCA TTE R I  hG 1 6 X  9 1UHABSOKPT I ON, 6 X  7HK EM3 V A L  v 9 X  9 
12 3 FOR MA T ( 4 2 X  2 7HP- 1 TRAN SPUR T APPROX I MAT I UN//5 X 9 
11 L H  
2 1 4H G- i U- G * * * J - k G T 9 5 X PRUUUC T I 3 N  9 5 X  9 1 Od SC A TTE R I  hG 9 6 X  8 LO HABSUKPr I ON 9 6 X  t 7HR EMOVAL 9 6 X  v 7 ti L E  A K AG E 1 
r 
r 
1000 W R I T k  ( 6 , 1 0 0 1  
I F ( K t 3 E f f . E Q . O )  GO TO 1010 
I SPAN= ItiLU- I G H  I + 1 
N ST=N I J+ND SP * I SPAN 
L U S = N  I J 
NST=N S T + 1  
SUM=O. C 
0 0  L O L C  I G D = l  I SPAN 
L O B = L O B + l  
W K I  TE I 69 101) 
1010 W R I T t ( 6 9 1 1 9 )  
00 L O 1 5  I U = L * N L ) S P  
1020 SUM =SUM+YJA( L O B  j 
101 5 ID ,SUM* S (  ID) r Y  J A  ( N S T )  
GO TO 1100 
I f  [ KAPKOX.EU0 0 )  r l R I  TE (6,120) 
I F ( K A P R U X - E O . L )  d R I  T E ( 6 9 1 2 2 )  
I F (  KAPKOX.EQ.2) NJKITE (6,123) 
KHO=U. 0 
KHLJP=O.O 
K HO 5=0 0 
R HU A= i) . 0 
RHOR=O.O 
RHO D 1 =  C 0 
R HO DZ = C 0 
RHO TL 1=O. 0 
K H U T L  2=0.0 
RHOA=KHOA+A( 1 G )  
I F ( K A A . k Q . 2 )  GO TO 1005 
KHUP=RHUP+P( IC;) 
RHO S=RHOS+S( I G J  
RHUR=RHOR+R( I G )  
R I40 LJ 1 =RHO 0 1 +D 1 I I ti ) 
K HU 92 =RHO D 2+D 2 ( I G 1 
00 LO05 I G = l r N C ;  
1005 N R I T E  (6,113) P ( i G ) r S ( I G )  r A I I G )  , K ( I G ) r U L ( I G ) r D Z ( X G )  
W R I T E  ( 6 9  121) 
W K I  TE I 6 9  113) R H O P ~ R H U S , K H O A ~ R H O K , K H G D l ~ R H U D Z  
WR I TE ( 69 115) 
DO 1 0 5 C  I G = l , N G  
R H O G = A I I G ) + R (  I G ) + P ( I C ) + S L I G ) + T L l ( I G I + T L Z ( I G )  
61 
_- 1.- 1-11,, I 1.1 I ,I .,I I .I ..,,,,1,1,,,, .,,.1,,,--1-.11 ,..,,, ..I 111 .I, -..-..--I---.-.-" - --....-- I.. ---- . ..--.-.- 
I F ( K A P W X . t Q . 0 )  K H O G = K H O Z + D L ( I G J + D Z ( I G )  
IF (KAPROX.CE.1)  k H O Z = R H O S + D l ( I G )  
K ti0 TL 1=RHc7 TL L+ TL1 I I G 1 
R HO TL L=RH U TL  2 + T L2 t I G 1 
RHO=RHU+R HOG 
1050 WR I T t  Cv 1 1 6  1 
WK I TE ( 6r 121) 
W R I T E (  6,116) R H O T L l r R H O T L 2 v K H O  
TL  1 ( 1 G 9 JCZ ( I G 1 s RH OG 
XKPEK T=XKEFF /i l .O+XKEFF*RHOJ 






O V E R L A Y  O R I G I N  CARDS A N D  A S S I G N E D  L I N K  NUMBERS 
SOH I G I N  
S O R I G I N  
5 OR 1 G I N  
5 O R l G I N  
5 0 R I G I N  
S O R I G I N  
$ O R I G I N  
S O R I G I N  
$ O R  I G I N  
OOL 
O i l  







I S  L I N K  1, PARENT L I N K  
I S  L I N K  2, PARENT L I N K  
I S  L I N K  3 1  PARENT L I N K  
I S  L I N K  4r  PARENT L I N K  
I S  L I N K  5r PARENT L I N K  
I S  L I N K  6 r  PARENT L I N K  
I S  L I N K  7 9  PARENT L I N K  
I S  L I N K  8 r  PARENT L I N K  
IS L I N K  99 PARENT L I N K  
IS 0 
I S  1 
IS 1 
IS 1 
I S  1 
IS 1 
I S  0 
I S  0 
I S  0 
62 
* MEMORY M A P  
S Y S T E M  
F I L E  B L O C K  L l H I G I N  
I - I L E S  1. U N I  T O 6  
2. U N I  TO5 
P H E - E X E C U T I O N  I N 1  T I  A L 1  L A T l  O N  
C A L L  ON U B J t C T  P K U L H A M  
O B J E C T  P R O G K A M  
L I N K  UECK 0 R l L l N  
0 P t K S N  02764 
. L I N K  0 3 5 1 4  
.LXCON 03572 
- L O V R Y  0 4 1 2 4  
TLOM 04635 





F I J H  01356 




U I I T O 6  IU775 
UNO5 10774 
. l U t .  10775 
- 1 J k 5 6  1 1 0 0 1  
.KnUUt 1 1 0 1 5  
.OLREA 11035 
.BC<w0 1 1 1 1 5  
F X P L  11167 
. X t X P -  11262 
/ /  l l l J d  
I P t K l  11274 
2 P E K 2  I 5 2 4 6  
P k h L l  1 4 3 4 1  
3 P t N 5  I 3 2 4 6  
P E A 4  1 5 7 0 6  
4 P E K 5  1 3 2 4 6  
5 P t K 6 l  L 3 L 4 6  
P E K o  15516 
P E K 6 6 6  1 4 4 1 5  
6 P E R 7  1 5 2 4 6  
7 P t K t l  11274 
8 P E R M 1  11274 
9 P E R Y  11274 
U N U S t O  C U R E  
B E G I N  t X E C L I T l O N .  
* 
00030 T H R U  0 2 7 1 7  
02720 
( N O  B U F F  P O O L  A T T A C H E D 1  
I N 0  8 U F F  P O O L  A T T A C H E D )  
02750 
02757 
0 2 7 6 4  T H R U  1 6 0 0 4  
C U N r K O L  S k C r l  ON> 
/ / /  / ( 1 7 1 3 0 )  ...... 0 3 4 7 0  * 
/.LOT / 03514 
. LX5T ; I  03572 
. L X H T N  03631 * 
.GLSE 0 4 1 1 5  * . L t J V R Y  (041241 
TAGOUM 04635 
. L X S k L  04636 
. L X I N O  04770 
. F k P T .  05003 * 
. Z G U T U  05363 * 
.JVCH& 05410 * 
E .  1 05467 
C C . 1  05473 
.FLUN.  0 5 4 7 7  
. F O X 1  05554 
.OBCL0 05621 
. J X P S t  0 5 7 1 6  * 
. F L A K C  06117 * 
. A U U T  Ob262 
. k L T  O b 4 4 2  
* l N T Z  Ub617 
.JO% 0b7UO * 
07101 
. d i l K U  0 1 3 3  1 
. F I J H .  0 1 5 5 6  
. F k I L .  l u l l 6  
..kIUS 1 0 3 5 2  
. . tKDU 10655 
. . F W K O  10702 
..FdCL) I 0 7 3 0  
..Ui\lUb 10773 
.UN05. 10774 
..F ~ L K  10443 
i t C K t A O  1 1 0 3 5  
. . U L N J  1 1 1 1 5  
.Xl'2. l l l b 7  
. . V u J t k  1 1 2 6 2  
/ / /  / ( 1 7 1 3 0 1  
/,iAU; / 1 1 2 7 5  
/ C A L L I  / ( d 2 7 6 5 1  
K L K t A O  1 4 5 0 0  
/ L A L L l  / (OL765l  
X L H A N v  1577b 
I O A L A V  I J 7 L u  
R E A 0 1 1  1 3 4 5 0  
/ C A L L 1  / 1 0 2 7 6 5 l  
/ C A L L 1  / ( 0 2 7 6 5 1  
/ C A L L 1  / ( 0 2 7 6 5 1  
/ C A L L I  / ( 0 L 7 6 5 1  
/ C A L L 1  / ( 0 1 7 6 5 1  
/ L A L L I  /IO27651 
l / N A M E / = N O N  3 L E N G r H t  l L O C l = O E L E T E D *  *=hlOT R E F E R E N C E 3 1  
/ C A L L I  / 02765 
1 .  L H E C T l  03526 
. L X S T P  03575 
I B E X I T  3 3 6 3 1  
. L F B L  04116 * 
.LOT ( 0 5 5 1 4 1  
. L X S L l  04637 
- L X O l S  0 4 7 7 3  
. F X t M .  3 5 0 0 5  
. F X U U T  05367 * 
0 V F L U b i  0 5 4 1 1  * 
E.2 0 5 4 7 0  
CC.2 05474 
.UUPKE 05507 * 
. F O X 2  05535 
- 0 B C I O  05635 
. A L C U O  U6121 * 
.UdUT 3 6 2 1 4  
. F X F L I  06517 
. T d P A L  5 6 6 3 5  
. K c l U N T  3 h 7 0 1  
. U t X P  U T 1 1 3  * 
. M K J  07340 
.UOIU 0 1 4 U 5  0: 
. O J F I ' v  10214 * 
. F C L S  10354 * 
. I U t F  10527 * 
. O O L ~ T  06023 * 
..FBCW 1 0 7 5 2  
d C R E A 0  ( 1 1 0 3 5  I 
. .BCwU 11117 * 
. X E X P  1 1 2 6 6  * 
I C H A N G  / I  I 1 2 7 5  I 
N R E A D  14330 
& E E 0  14637 
/ ( -ALL2  / I 0 3 0 1 5 1  
/ C A L L 2  / ( 0 3 0 1 5 1  
/ C A L L 2  / ( 0 3 0 1 5  1 
/ C A L L 2  /(05015 I 
L6005 T H R U  17127 
/ C A L L 2  1 0 3 0 1 5  / C A L L 3  / 03016 
/ . L V E C  / 0 3 5 5 0  
 our 03617 * .LXERR 03626 
- 0 B C L S  0 4 0 1 1  * . L X A R G  04100 * 
. L J N B  0 4 1 1 7  * .OF!lUT 0 4 1 2 0  
.I.RECT 1035261 . LVEC ( 0 3 5 5 0 1  
. L X T S T  
.LX F L G  
.FX EM 
.FX ARG 




.ut) c . 08 c99 
. I C  LO 
.AVPT 
.LJU1 . FX U 
.dlUTH 
. L I S T  
. T E N  
. P t  x 
.DOL t T  




0 5 3 0 5  * 
0 5 4 0 1  * 
05436 
0 5 4 7 1  
0 5 4 7 5  




0 6 1 3 2  
0 6 3 2 3  
0 6 6 0 3  
06641 
0h704 
0 7 3 1 4  * 
0 7 3 4 1  
0 7 5 4 4  * 





. Z J U t F  1 1 2 7 1  
* L xn VL 
. L T C H  
. € T A G  
. E X I T .  
.NOP 
F.4 
L C  . 4  . € N O F  S . OBC 1 4  
.LIUSh . ST:IPJ 
.ONP T 
.GflUT 
. F X F L Z  
. F P A C k  . UUY E . FBObF 
. F t  XP 
. U C P T 1  . DOR T N  
..FSFL -. FC HK 
04702 
0 4 7 7 5  





0 5 5 2 6  
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